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SffiMAI ^- er " v OS ftps; 

' ^ TECHNICAL FIfTd " " : > • :i>u~ 

serum and secretory* IKtWfel tffigh %a s if ^flseliti inlfpnff K> 
' 5 .', v .'j*« ."".'/.' BACKGROUND ART • ■■ > / 

A number or infections in^ammafs hive sufficient deietef ious' 
effects oh tHrmammS1 ? id WarranrVICcinltionlgainlt the particular 8rftw 
antigen responsfbr^forthlMnfectlSHr Therefor^ vaccination ^ 
programmes are Instituted whereby the mammaf is iftieiiinical iy r r ' v 
10 challenged wi^ah intlieh so that an immune^ re^pons^is el i cited to ^ 
confer immunity to the mlmmaK . ... : . rr . v ... 

Administration^ *he antigen to the mammal may be through a : 
number of routes Including injection intramuscuUriy ti .m > ' ' v * v ''^ 
s ^utaheous1y(s^ j ^ 

15 or s.c. injection of antigen suffers from the disadvantages thai 

relatively specialized skills are required, it is difficult to ? - 
undertake on a larg^scaje/ it is expensive, and a number of side " () 
reactions can occur, to etther the immunizing antigen or to the lm 
emulsifying reagent in which it is presented. Oral administration of " 

20 vaccines is by contrast relatively problem free except insofar as oral ; ' 
feeding of a number of antigens requires relatively large quantitl^W ' ^ 
antigen as the amount of material that is actually absorbed and capable' : 
of stimulating an effective immune response is usually low. Thus the" " ' 

U ^fe^ U ^ ^ r oral ionization generally far exceed^ 

25 that required 5 f ° r systemic induction of immunity. Thesis also 1 one " ~' 
major dl sa^anta|f J> tk oral pre sen tat Von ¥ the large quantities of ^ ; 
antigen require* to Wuce ah' antibody response an* that V that m $ 
feeding of these 1a?ge Quantities of antigen often 1'eW to the ! : ^' n ' 
induction of /systemic tbfe^hce (Tomasi, 1^80; Mowat, IMS; ifc&VB^*'* 
Parrot, 1983; Ngan '* kind, 7978; Hanson et al , 1979; tiich^a'n & al 1 
1978; Rothberg e^ al . r Wi>!' '*»-^?^ ^ t^rr^v "g^i^ 



Evidence to date suggests that tri general' the »ecna„1 s » > w h , cn 



n . , . , ■ ,, m - - .. = " T . — . . v- .w-... y uisi reeaing, is 
M r m y ^P«tffc sampling of the contents of th* gut lumen by"' 
Ce,1s ^i cr overlie the Peyer^s Pa^c^es and *her ; tSi| clusleW^ 
- — 1ALT (gMt^ssociated-lymphold tisiue) (Bland'^and Brrttrbn *' : ' 
The subseqWht sensitization of Ibcal lymphocyt^ pbpula^ons 
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leads to the generation of local ||^4^nf s |f5Ponses plus the 
sensitization of IgG suppressor cells with" cohcoml tan Vsuppre s s 1 on of 
serum IgG^sponses CTomasi , .1 980^ Jogt;i^|; : t ffgffA m ,. ; ,. 

1 983; ; ,N|a^- Kind e i|^| r ^SSSfe' feWII >■ 
SS Rothberg et al , 1973). 7<u - >"* 

it,1s r 1^ 

whether 1 1 be ' through the Peyer' s ?||C^| v 6^il^„yi jy^fJ^t|}jM 
and quite probably the araouni^ ; . ? 
type of 1 mmune response generated J>y oraj 1 y ? dm 1 n1 s ?f rf 1 ? en * t r- 
io: question arises then as to whether there are any otter antigens apart .... 
fronn cholera toxin which exhibit "the ability to ;sp*5*fJ^jty^^tj?S.. > 
mucosal Immune system upon.oral challenge and/or to stimulate the 
humoral immune response in a dose dependant manner wi thout 1 nduci ng- 
systemic tolerance and wi thout the/ need for excess ive doses, of ; antigen. 
15 With this view in mind we decided to invest! gate \the P®ssi bl e - . r 

potential of certain adhesive molecules, which have been. Implicated In 
the initial attachment of a number of i ntesti nal pathogens , to 
stimulate the Immune response when orally administered. These surface " 
antigens which confer adhesive properties to a number of strains of 
20 enterotoxigenic E. coll (ETEC) have, been identified as nonf lagel lar. 
f 1 1 amentous protel naceous. appendages , or pi 1 i (Gaastra & de Graaf. 
1 982) _ Examples include the CPA I and CFA II anti gens t of human ETEC. 
strains and the K88, K99, F41 and 987P pm pf animal ETEC strains . ? . 

(Gibbons et al, 1975; Evans" & Evans, 1978; Levine etal., 1980; Morgan 
25. . et al., 1978; de Graaf & RoordaV J98|). 1 exaajlned^; ... 

the ability, of a number, of pther^rotetts which havj no apparent^ role „. 
in colonization to prime the Immune ^system upon oral feeding. These . . 

antigens included a number of lectins a sero.typXc antigen ; df : , . 

S . typhimurjum ( the type 'M J fl^.la)^ 
30 S . typhi murium endotoxin CLPS). Oral primi ng was compared to. the . ^. 
response generated to. wholly i ntramuscular challenge t ,^ t ^ » 

the uptata pf an : 

mucosa 1.'?^]^ A *^ I seryra 

35 and decretory artU bodies Jjy^oral feeding oT low doses of the Immunog^ri ; . f ,, 
without the induction of oral tpjlerance v . vt ^ : , ; . , . v ,_ fL ..., - 37 
Accordingly the inventi on descri bes a group of molecules 



■{ i ? r ' 
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Cmuco**^ producti^of: serUm-- ' 

quantise* Of these antigen! are fed: therms i; coneomitantn ,4 ZZ 

molecules. . , , .^,.1.../' 

in a further aspect of this' invention a process^ is described 
whereby the antibody response generated to the orally f ed molecules 
can be augmented or changed by the co^feeding of a number of dietary , 
molecules. 

In another aspect of this invention a process lis described 
whereby a hapten or protein can be coupled to a mucosal immunogen and 
the complex of which, when fed, results in the production of ■ 
antibodies to the hapten or coupled protein. 

ABBREVIATIONS , 
Antibody 

bovine serum albumin 

Cdncortavl iniA i — ? v. .< 

dini tropheny] ,/ . .-. 

Enzyme i l: i nke d: immu nosorberi t jas say 



1. 


Ab 


2. 


BSA - 


3. 


ConA - 


4. 


DNP 


5. il:- 


../. ELISA - 


s. 


ETEC - 


7. 


GALT - 


8, 


HA 


9. ' a? 


1m ' ■: , 


10. feft5l 


feLHRH 


li. '■'■■3-m 


c ?LPS - • 


12. 


*T-B - 


13. ' fei 


■ Q/H ," c: :• v 


14. 


per oo - 


15, 
16. 


;Psr : ;li 


17. 


■ails. 

,,S#: 


18. : :*<,&$ 


SDS-PAGE - 


19. 


TCA 



enterotoxigenic E. colU i: :\ 



.6.5 



gut assoc iated lymphhoid t|s suex^ ; ; 
hydroxy apatite 3 
intra muscular > sjt*'-#r j« 

* • "1 ipopoly saccharide ,.s ' s '-wyr V is.":.£M&- . ? tw: ; : 'v 
heat labi Te toxi n of enterotoxigenic E. coil . 
overriight* r tm t^m'-Mmm 
• oral administration ^ t n$m> 
polysaccharide 
foort^gnperatai-e 
subcutaneous 

SDS - 0otyacry1 amide.gel electrophoneslsJ i 
trichloracetic acid. fwc ! •.-:;*r\iVv> 
' DISCLOSURE OF INVENTION ; .*.x _ fft *j ? , ,J, 

In a first form the invention provides a complex comprising: 
an Immunogen; linked to a carrier molecule which.is capable of 
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speci f 1 caTly interacting with< the: mucosal epi thel 1 umibf : vertebrates 
host;: wherein bothvthe Immunol ogi cal acti v 1 tyc off thfe ^nc^en^and* the^S 
capacity of the : carr.iw molecul * to ; sped f ieaMy ; i nteract: wi thtthftWu::;-? 
mucosal epUheltum of : the vertebrate^ host' is suhstahtia 
and said complex is capabl e of el 1 ciUng^a systeml ;t ced l^af^-andy©^- -f, 
mucosal Immune response In the vertebrate host. .miwH^y ' 

Preferred immuhogens according to the? A nvention include: 
all , part, analogues , homologuesv derivatives or combinations .n, ^f,-- 
thereof and a hormone, thereapeutlc agent, antigen-or hapten. These sri 
immunogens Include hormones such as LHRH (luteinising hormone c 
releasing hormone) FSH, HGH and Inhlbin; allergens such as grass 
pollens (for Instance barley and couch), weed pol lens (eg. clover, t t K ^ 
dock), tree pollens (eg. ash,>cyprus) , plant pollens (eg. broom), 
epithelia (eg. cat hair, dog hair, pig hair) and house dust, wheat ^.fi * 
chaff and Kapok; Immunogens for vaccines against agents such as 
influenza, measles. Rubella, smallpox, yellow fever, diphtheria, 
tetanus, cholera, plague, typhus, BCG, haemophilus influenzae, 
Neisseria catarrhal Is , gplhslglla pneumonia, pneumococci and 
streptococci especially S. mutans ; and pili Including pill derived 
from E. coll , N:,;a6fanfl^ 

sp Pt Pseudomonas aeruginosa. Pseudomonas spp, Moraxella bovis, ' 
Bacteroldes nodosus, Staphylococci spp. Streptococci, spp and & 

Bordetella spp. «• 

Preferred carrier molecules Include backer ial adhesins such as € 
987P , K99 , CFAI;- GFAili- : K88 oz>m ; v 1 ral haemaggl utl n 1 ns such as from ; 
influenza, measles, Rubella, smaUpbx or yeWow ff ever viruses;; toxins K 
or binding, subunits> thereof such as LTB ricin* abrin, diphtheria 
toxin, modecln, tetanus toxdn and others ofdmilar structures;; and 
lectins whether from plant or other origin. Lectins Include for 
exampl e conconaval 1n A, Pokeweed mitogen or lectins from Lens--: « ' 

gu1 inaris . Helix pomatia , G1 vci ne max; -Arachis; hypogea, or Ulex: ^ \ 

europeus or Abrin, Asparagus pea. Broad. bean j; -Camel ' s foot tree, 
Castor bean, Fava bean, Green: marine algae, Hairy vetch; Hors^gram; 
Horse shoe crab, Jack bean, Japanese wisteria, Jequlrlty, Scotch 
laburnum, Lima bean. Limul in, Lotus , European mi stl etoe . Mung bean, 
Osage orange. Pagoda tree. Garden pea; Potato; Red kidney bean; Red 
marine algea; Siberian pea tree, edible snail, garden snail. Spindle - 
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tree. Sweet pes, Tomato, weeae „rm or ,t„,ee pea. ■ - 

M a preferred. e»bqd. w „t of **^fci (s ^^"'|.. 

produc ton of a cc.pL, as de S cr.b.e above *MO proce ss cc*»r, S es : . . . 

functional group capable of forcing a chemical linkage, and reacting/ , 
the immunogen and carrier molecule to form ,sald complex; or . . . 

(c) chemically modifying the carrier molecule to provide^ / 

"ctirr nCtt ° na ' 9r ° UP CaPab,e ^ f ^--hemicav linkage^ ^ 
reacting the ..mmunogen and carrier molecule to form said complex- / 

(d) chemically modifying the immunogen and the carrier moiecule 
to provide functional groups capable of forming alchemical; .linkage CS. 
and reacting the ^unogen and carrier molecule to form sai d : comply- ~ 

reacti r, h r aCting ^ ^ Jeas * ^ "king agent, and / 

react, >g the immunogen and the carrier molecule to form said complex- ^ 

anpnf ( " reactt "9 ^he carrier molecule with at least one Mnking /• , . 

molecule to.^^*^i ww§r ^ t , ; ^ % 

th)^a,comhinat1on,of:any-ot ;fbm^e«gip^els,step^l 
In anotheriform .the.inventionnprovldes a, process wMch comprises 
prov . di ng a -re comb i nan t ; DMA - mo I ecul eocompr i s i ng; a fi*st 
sequence, which on, expres^nscodeshfor,tbe amino ad* sequence the 



^'^.^■ '3 4 - - V;. ' 



amino acld sM guence ^t^c^r^^l^,^ «if^^"^;^" 
' transfo ™ 1 ** ^host,wlth« S ai:d recomhinant,pNA*molecule so that 5 aid "~ 

host is,capabJ:e,of ;expressingia hybrid^proteinaceous product which- - ' 
- compr ses , said- complex; ,ul taring said, host, to.btal . said expres^n^ 

. and col .acting said hybrid, protelnaceous product t , ,,- ! 

Alternatively the Invention provides a process for the ^ / 
production of a ; complex which -process comprises w , ..... .V 

<a> chemically; synthesisihg the, immunogen, and/orthe carrier^. 
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■olecult. and forming the compWby cKertie^l ^ction^^ **** ^ 
or ' <^Hi^h*S&tri^ -.; 
sequences of the-lnsnundgen and the* carried mol'ectile. r.pfeferably ?the ^ ! r = 

peptide:!^ 

5 synthesis^ a^^r- s-v&# to^os $ %■ ^t^^s 

In a preferred form of the invention the synthesised immunogen • 
„ or carrier molecule whilst bound to the resin of the solid phase 
peptide synthesiser is coupled to the carr 1 er <mol ecule or imWrtbgeri* 
respectively. * c '-v" J ' !! -' -■■ ■'■'■ '■ ■>'■*'>■'- " " 

1 o In another form of the present Invention there is provided a ^ 

transformant host transformed wi th a recbmbl narit DNA ifnbl ecule 
comprising a first DNA sequence which on expression codes for: the! 'ftc 
amino acid sequences of all, part, an analogue, homologue, derivative 
or combination thereof, of the immunogeni a second DNA sequence which 
15 on expression codes for the amino acid' sequence of all , part, art = ; 
analogue, homologue, derivative or combination thereof of the carrier 
molecule, and vector DNA. ' 4 -' - m^mv 

In a preferred form of the invention the transformant host is a 
Gram negative or Gram positive bacterium, a yeast, fungus or a higher 
20 eukaryoti c eel 1 . In one preferred 'form of t»e invention , sstfd* host-is : e 
E.coli a culture of a transformant microorganism falling within the 
scope of the present Invention had been -deposited* with the American; 
type culture collection and has been de§lgMted ! :the liumbertr tf« ^* 

In a further form the invention provides.'a recombi nant DNA ' 
25 molecule comprising: a: first DNA sequence which^ 

the amino acid sequence: of the immunogen yea ' second i DNA sequence^th i civ 
on expression codes for the amino acid sequence of the carri er < -J 
molecule, and: vector DNA. in' a preferred sembodiment ofr this form of 
the i nvention ^ the? vector 
30 are envl saged within the*scbpe of the present inventldn and-these ^ 

incl ude vi ruses, bacteriophages and cosmidsi '* Intone preferred formal® 
the Invention there- is provided piasmid pBTAK66rwhichcwheh a?hbst cell 
is transformed with said piasmid f ill yield r protein 
Which includes a polypeptide fal 1 ing withHh^ SCOpi"df the ! prese 
35 invention. -?*•:■■■■*■-$.* wiww* -r ■ v: — :-. 

In a further form of theMnventlon there is provided a' ; 
polynucleotide sequence which cOmpri ses a first hybrid polynUcieoti de 



-y i 
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sequenced ch acts? as a cdding ^sequence forea fusion productions ■ 
comprising an amino acid sequence of an immunogen- fused to an amino 
acid' sequeWe' of avcarri er «ecu1#- va: pol^nut l;eot Wil 
sufficiently delated toV S *itf f trsli%b^dSpotyriu©1 edtf de sequencei so 
as to hybridize to said W^ ^^ 

polynucleotide; sequence delated byrmutation, , : inc1^ 
multiple base substitutions, deletions, Insertions and inversions,, to? 
said first hybrid polynucleotide sequence or hybridizing; sequence or: a 
polynucleotide sequence which on expression codes for arpo'lypeptlde; • 
which displays^imi 1 ar b i ol og i cal or 1 mmuno 1 og i ca 1 ac t i v i ty to said ? 
fusion product - - £r, ■ .re,"'*;.:: £ ,«?•■.' • «,.-•?••* U... 

Preferably the polynucleotide' sequence 1 s one wherein the> first . - 
hybrid polynucleotide sequence actsias a coding, sequence for the amino : .\ 
acid sequence of all, part, an analogueihonrologue, derivative or 
combination thereof of LHRH f used^ to the ami no acid, sequence of Va^ ^, ; , 
carrier molecule, more preferably LTB . d . >-~s$.Sm$? '■' 

In a further form of the: invention there is provided ,a 'a h *• 
medicament which comprises a complex according to the .invention. " i 

together with a pharmaceutical ly acceptable carrier or diluent. . ; 
Examples of pharmaceutical ly acceptable carriers. and diluents include 
typi cai car Hers and di luertts- such as tablets, aqueos solutions v - *5fo 
sodium bicarbonate solutions and similar diluents which /neutraMse .o«t*lfc 
stomach acid or have similar buffering capacity, ■flycols,^o*H>/r , : ,. , ... 
oi 1-i n-water or Water- i n-oi 1 emul siohsy and 1 ncl ude medicaments Mjjttfhe 
form of emulsibnsv^els, ;paMe¥%hd f -V^ 

The medi cament may be presented I ni cap su lev tab let; slow r re tease lor 
el ixir formW*s a gel or pastec or <mayi l)e presented as a ^ss»fespr,ay 
and in tffis-fbrW mly wm tiie> pmence of an aeroso»wth^^reS 
the med icament may bPfroVI ded as, fmtfw&kartki fee'd^ as^foodau a *> ■■© 
sui table for' 'human consumption. ; it wf I -.. - -~ , m ^ Kfi 

The present i nventbr^s have' al so found ; that co-admin i str at i ombf i .\ 
certairi«dte#« 

selectively mbdulate-the magnifiide ?and/or itypef?6f thetimmuhe response; 1^ 
to the immunogen of the complex. . .. - - • , ,„ fr . 

Accordingly the present in vent ion- ' further provides a medicament 
which comprise* the complex of the present i nventiort ^together with a 
dietary molecule which dietary molecule can selectively modulate the 



SUBSTITUTE SHEET 



magnitude and/or itype> of the ijiumjnVcejSp^^ 

complex." - 0 m&f> woammi m'U i&i^v-ym& a*;' t*^ir%$m- 

The dletaryimoleciile-. envisaged by , the? present Invention i n^lu^e; : 
basic, neutral uand acidic "aniinQuactds^such? as adenine ^f&s*Wt-n% 
5 lysine, al anines ^cysteine, ; cystine < glycine?^ sol euctjie , leucine^;; r * : w. 
methion 1 ne . phenylalanine, prol 1 ne; . serine; threonine , tryptophan^ f m0® 
tyrosine, valine* aspartlc acid, glutamic acid; water soluble and- ( ^tUf 
insoluble vitamins, such as thiamine ^riboflavin, pyridoxal , f- f p &>■£? 
:*) cyanocobal ami n CV.B 12 > ascorbi c acid, (V?G). Vit P 2 s etc?*—,; ^t^f^fe*^ 
10 ~" Ergosterol, Vit.E, V1t.A, Vit K etc; sugars t including monosaccharides - 
e.g. galactose, mannose, mannitol, sorbitol, glucose, xylose, Allose, 
altrose, arabinose, dlgitoxose, erytbrose, fructose, lyxose. rauramic 
acid, mannose, pyruvic acid, ribose> tagatose, talose and ther ami dated 
and N acetyl ated. derivatives thereof ;;ol igosaccharides e.g. lactose^ \ 
15 maltose, melibiose, sucrose, cellubiose, M,N diacetyl chltobiose, - 
gentobiose, isomaltose, lactobionic acid; trehalose, turanose; and ~ 
dietary minerals and co-factors such as manganese , magnes i um, z1 nc 
calcium and IrOn. v : - 

The invention also provides a method of presenting a complex of 
20 the present invention which method comprise? the mucosal - ' 
admini stration of a. comp1ex of the present- .invention together^ wi th : a; ^ 
dietary molecule capable of modulating the magnitude and/or. type of 
immune response. of t the> immunogen. jr,i ■ - • • ?m-^tz 
The ;■ i nventi^talso provi des the? oral admini strati on of^the^w^ : ; - f h, 
25 medicaments Of the^ elicit: a response, to the* % • 

active molecujifjn^^fh^'^ f^sf£^h;ei||pth^ t& 

active molecule is: am antigen or hapten may lie a systemic and/pir, a, ? .» 
mucosal immune response. -In the _ case>;whereb the; active molecule .1* ? % 
LHRH or a deri*at|Y£;feanatogu^^ so: 
30 thereof, of LHRH, the response will be inhi bl t-ion of : gonadal ; f unction; 
in the-ho^tfrWher*^^ ferfT 
molecule according to?sthe invention, the> •invention provides a .method i 
for enhancing tberhost's response to fethe ^ f- f ?" 

comprises administering such an oral medicament;;; to the host.- 
35 y ^ 5 BRIEF DESCRIPTION OF THE DRAWINGS , ; 

Figure 1 showsr^ the Nrtermi hal; amino acid- sequence Of the 987P ?. 
pill n subunit, 1 n comparison wi th.the N-tejrmi ; nal ami no aci d sequence; 
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of other pi Tin proteins. 



Materials s ' ^ * " ' :: * v.-. r >. • -. . , - - . , t . 1 

Lectins were, purchased" 

, 5 vaccine was purchased fr^ the/^ 

Sugars and vi tarai ns; were obtained from the foi lowing sources ':- ■<•'>*?'' 
Lactose (AR gra/te) - Ajax Chera^wl s^ SVdliey , Austral ie^^r1ic^se"%(^) , 
Mannose D(t> , ; Sorbi to >yn£ XyTose"'0( + r"(ai f Alf'gratfeV%'pt'' ^ r • ^ a • • 
Chemicals Ltd. Jople,: ^gl*$;" Mei ibiose Wgla cKerafcfV Co:, sr"^ 1 " 
10 . Louis, Mi ss - |, Retinal' .^v'V t ' Al^ *a'i^eh^_d e > ' F /ulpi_ ^tG »* J^i^eiaiC^^if ^ , '''Fab*^?^^^^''"".' . 
Buchs , Swi tzerland; Thiamine - flci (Vi t BlV J Ri boflavin (Vi t B2X m ~* M '" 
Pyridoxal (Vit 86), Cyanocobaiomin (Vit sWfEascorW 
Ergosterol (Pro Vit and dl -tocopherol' "(Vit ? l£ Wgrn^h^ 1 ' ; 
Co., St. Louis, Miss. 5 f -L-JisTy rf;iV. 

15 Bacterial Strains and Media Vii;^n^I^U?lll^^5i^H . 

The E^coU K99, 987P and LT8 strins asef in these experiments " 
are listed. In Table 1 , and were the generous gifts.of Or! 1 Susaci ClarkV ° : 1 
(Molecular Biology Laboratory Biotechnology Australia?; Cultures were"" 
grown at 37C (unless o^rwise^'specified) 'with shaking in Luria broth 

20 (LB) with or without ImM i sopropyl thio-n-D-galactopyranoside (IPTG) « 

Indicated (Table T). Saimonella~typhimurium was "grown at' 37C with : " ;iv 
shaking i n LB p 1 u 0. 2X*g J ycerp I . " ~ ^ im ^mm - 



S^fe, * !' : ''^etiyMarki- f Igag OrlS ^^pfejj& °Pv^^ 

•■•Sfcifit'H-'.i: ■ ■ r -Ut- w f. r.i' ■■ ■.. v ' ■ - ■ '•' ■' 

8T ^ 5 |? PBTA193,_; RB 79 1 LTB + : ' w " ? s 

BTA 604 p BTA 201 " \ ° * iof imm ^^^^ -^pmy 

30 BTA 262 p BTA 106 ED 8654 K99 ^ - - 

♦ Included c ImM IPTd .' 1 ' JftV ^ ••t^/S'^yr . 

.-■:-••••<**■•• 5 '??>;(••...•? Hq: HSSS <S*i^ ?E f?¥^f ■■ ^^-^V.^r^vf^.^,.,. 

■m-rKrm "'J PURIFICATION OF ANTIGENS * c: * bt: ~ > ' K3 -- 

35 . Pili preoaratinn ''Z^rT'. 9 ^. '^ ^.^'^^'^^ . v.itr ■ 



i^on expressing the clpoeij ^H|, .jjs^detecte'd uii'ng ' * 
radiolafeelled antrum were ^eMiMriM'SM^&(t0it<^ ; 1 



SUBSTITUTE SHEET 



WO 86/06635 ' 



growth. Cultures were.heateg at.60C.for 30 mtnutes/after .filch the 
organisms .were ^U,t^W^^f^^tm-r^W*lti 4C>. The 
supernatant >m ned tor pi y _ content^ b /; 1,2 . 51 SDS-PAGE us I ng. ^ 

K99 . purlf Icaton:- * The cuVtur^ supernatant was adjusted to j>H 
9.7 with (ION NaQH and stirred^ ai rpont temperature (R-T-> for 10 v , 
minutes. The resultant precipitate containing pi 11 was recovered by _ 
centrlfucation (3,000 x 30 Wn 4cV 'and fesuspended in 100ml ^. 
di s ti 1 1 ed H 2 0 (dH^O) pH 7.2. Thi S pVoceciure was repeated } twice ; ^ 

987P Purification:- Procedures used were as detailed above 
except that pi irpreci pi tation was^achieved 'by adjusting the pH to i.9' 
with glacial acetic acid. , 

Hydroxvaoatite chroma tography . £ . 

Hydroxyapatite (HA) (DNA grade Bio-Gel HTP , 81 o^Rad) was gent ly 
swol len in!an excess of dH^O and after'a brief period K2 rath:) 
fines were decanted gently. Fresh dH 2 0 was added and used to gently 
resuspend the gel after which fines. were decanted again. This 
procedure's repeated several tijnes. A column ( 30 x 5 cm) was fl 1 1 ed 
with a slurry of approximately 30% HA and allowed to settTe by . 
gravi ty . TlghV packi ng was then ' achieved by pas s i ng dH 2 0 through ' 
the column at a flow rate of 16ml /hr until the gel bed surface' was 
stationary. Samples (100 ml) of either K99 or 987P were appied at 
flow rates not exceeding 30ml per houfr^he column was then washed 



with dH 2 0 until np ; protein was detected in the flow through as 
detected at 280 nm. Pill wefe ^ted^at a flow rate of 30m1/hr using 
a linear gradient of 15 to 250 mM sodium phosphate pH 7.5. Fractions 
were collec^j >d examined by SDS-PAGE. The pill peak was recovered' 

and pooled. ^ .. " m r, m^i- 

Ion-exchange Chromatography 

Pooled fractions of K99 and 987P pill (from the HA C K ^ru v; 

chromatography) were re precipitated with NaOH (pH 9.1? or glaciaf 
acetic acid (pH 3.9) repsectiyely^ .After centr if ugation (3,000 x g, 
10 min), the pellets contain^ «" 50 ^ at ^ ate 

buffer, pH 5.5 (K9 ; 9) and 50 mM Trts.HCl pH 8.5 (987P) prior to loading- 
on the ion-exchange ' col umihs equ^il Ibrated with the same buffers. K9g ? 
and 987P were loaded onto CM and DEAE columns respectively at a flow 
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rate of -v 
eluted ^ng^nea«^ 

' oroi!!n brat, rr f : r ( s D c Fractions 

protein cor^^cb^p#a»|^on,,ac.cord1ng to the' method" of Tsal 

•s ; and Frasch (1.98a,; ,^- r ,_ , ," " , , , . . . / — 

^-Purification - - ' - ■ 



Three ) i tres of LT8 .supernatant *as : di luted,** 61. with dH,0 
The P H was adiusted to^*1th glacial m m*W^ loaded onto a ' 
5 x 30 cm columnvof^^^^ with 10 mM T'S 

phosphate buffer; pH at a flow rate, of, 1 The xolumn was ^ ■ ^SJ 

then washed wi th 400 ml s^f 10 mM phosphate buff e.r-. r pH 6.5 and bound 
protein aluted: with ,-a Unear. gradient of :1 0^500, n%Nac 7 l ; in 10,mM ; 
phosphate pH 6.5 Fractions were collected and analysed by SOS-PAGE, 
the LT8 peak was pooled,* & * 
15 F 1 age 1 lae Isolation w 

Late log phase qui cures of bacteri a were pel 1 eted by ■ 
centrifugation (3,000 x g for 15 mins. at4C). ?i The cells were 
resuspended. in, saline and heated at 60C for 30 minutes, followed by" 
centrifugation (3000 x g, 10 mln 4°C). The supernatant, was - 
precipitated by adding a solution of 1(X)X TGA iw/y^fo' give a final 
concentration , of m4*mmdjm:^ fetf Sff t3 '1" g 4C. " The 
pellet was resuspended :i ft /,a small volume of I ry Tris.pH 8.8 and 
sonicated ufttil m s^Ut^on, r :Ethano1,wa S , added,to 2 awfinal , 
concentration of 80% (y/v) and the flagellae spun down at 2,000 x g, 2 
25 10 rain at 4C. The: pellet was resuspended in, a^tone, sonicated into ~ Iv/V-^ 
suspension, and, reprecipitatedebyi cenferif wgatio^siooolx g>. Finally 
t^ pmmnznbmm^m^mm by F bol1ing ? in lOX.SDS-and 50 mM • :i 

EDTA in lO mM Trls, H61 pH 8,0y prior to Sepha^yl ^200 ''l^JtW, 

.-■chromatography:,^/;,.,.,,. • f , " ^ 

30 , • Flagellae; ouriftf^^n ,, , ftftf , s - v.. _ . .. ' ' -;<?-•• 

centrifugation fori Jn, a ; Beckman, benchtop, mlcrof uge to remove w.lS 
non-sol.ubi:lized«!nateria1 s .: l: The,supernatant,wa S applied' to a 2.5 x 80 ."S^":'" 

With 20 mM Tris pH 8.8, and ,10 mM EDTA and eluted using the - 

same buffer, Fractions were collected and analysed by; SDS-PAGE. -W-'2 
Finally the f lagel lae :i peaK was, p<^ied and precipitated wi th 10% (final 
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cone ^ : ^^\^^^U^^t^^i^<^ and^acStohfe .washe^as V-rfi-i 
described pre* tasyP*Thl ^ ^ rmmmm¥m^ ^ ^ 

•.»^#^tur^ 

5 R.Temp) with 0.5 M GaCl 2 in 20% ethanol (v/v) containing lOO» ! 

citrate pH 3.0 and 5% Zwittergent 3J2 (w/v) (CalblocKiMiM^ 
were pelleted by centr if ligation .(3,000 x g, lOiiilh at 4G> the^ 
pellet resuspended In 50 4fc EDTA pH< 8.0 The suspension' wa* stirred 
vigorously for 30 rath af Rvterap.- After removal by * 

10 centrifugatioh ethanol was added to the supernatant to a f 1 nal 
concentration of 75%; Protei n material was pel 1 eted and* the ; 
supernatant adjusted to *H)% ethanol . The precipitate whietr formed was 
pelleted and washed with acetone, repreci pi tared and finally : 
resuspended in dH,0. The preparation was assayed for -Sugar content < 
15 using the Anthrone reagent (Herbert et al , 1985) and che^Wd ^fpr the 
presence of contaminating proteins ^y^ ^m^mMM^l^m 
. LPS (Sigma Chemical CO., > was used as a standard 1n botlfeasSays: -Gels 
were stained for LPS using a sliver stain according to the method of 
Tsai and Frasch (1982). 
2Q Preparation of P6 1 vsactftari ) •• ^ r ' 

Lipid A was cleaved from the S y typhi murium LPS preparation by 
intubating the LPS with 1 M glacial acetic acid and heating -at. 100C 
for 2-5 hrs. Lipid 7AW^h8'ir^i^*%i»^*^»^^ 3 > 000 x * 
for 10 mlns at 4C. ■- 
25 Description Of PurlfiedeArttigenS ' **« ¥ 

SDSiPAGE analysts of purified K99 and 987P pli 1: preparations 
reveale^tfii presence of a single band migrating at 17-500n and 2a;000^ 
mol wtv (respect1vtty)?unde>*reduc#g veoftdltl^*^Ff-|g, t^'^f !; 
agrees with the published data of Isaacson and others < Isaacson:; &> 
30 Rlchter. 1981; Morris et al . 1980; de Graaf et M}^m^m^> 
1978X; The ■•^^t^*pmt1«t r ^^s*^0*>»s at^pHn9l7^and 3^9 
(for K99 5 and 987P, respectively suggests tha^^ ptroflth^le?«two&? : >-"■■ 
protei risHo be around these ranged- (see:- - Istatson- 8tf Rie^eM- 1 981 i 
de Graaf^et al , 1981K Silver staining- of these preparattdns' ; showed 
35 them to contain 11 ttle (< 1 *g 7 100 Vg protein) 6r nof ? • 
contamination with LPS. v ^ 

Determination of ^ the 9«7P Amino Terminal' Sequence ^ > »?•' 
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Australia. A 10Q. nroole^ sample of: .987P pur-ified as described above' waT 
assayed . , Tbe,a«ij no c t.j E? !.njl , I?jy|a«,9f ,?87? , l,s .c<Wpa M U wlth'ths 

molecules (Fig. 1) (Gaastra and de Graaf, 1982)... Z ■ 

Purified; LTB, and S, typhi murium flagellae were also found to be. 
free of contaminating LPS and to |^ay^S«i"SW?fr?"'^ ^ip^r^n.^.- 
molecular weights, of ,12,500 and 52,p(M ;; res.pectjye)y when examined by . 
SOS-PAGE under reducing condi tions,.,. ... Z- ... .*' '°' - H '"^^ 

Silver; stained SOS-PAGE gels of. purified LPS, reveal ed'. np_" .;"^- r "> 

Complex sugar ^content, as assayed . 
by Anthrone reaction, was, -found to be 2mg/ml.. f . Lipid A free ^^^^ 
po I ysacchari de.waS jalso found to . contain 2, mg/m1 .pol ysaacchaHde aW: ! 
it's failure. to move on. SOS-PAGE (as revealed in the silver stained 
gel s) .showed i ; t to r be. free of contaminating 1 1 pi d.. ^ '"' ^ 

Oinitrophenylation of Antigens .-nftv-- 
•K99, LTB r :and le.cti ns were dintrophenylated .accordi ng to the T ", 
method of Little and El sen (1967). 3riefly, carriers ( in 0.1 M ' . 

carb/bicarb buffer pH 9,5) were^eacted^wVth a orj.^^u.ttw. f ^4#8?*: ? ''; 
(in Acetone) .overnight at R.T. .The .proteins were the.n .dialysfd 
extensively against,the xoupl ing buffer, Previous studies by us have" 
shown that 987P has- no -free amino groups : exposed for coupling so a " " 
d1 amino; spacer .was first- linked to E the .free carboxyl moieties of the " 
Protein- asr foUows,; T 10 mg- of purified, 987P. was precipitated at pH 3.9 ~ 
by the addition of glacial acetic acid. The pi,li were. removed; by £ 
centrifugation at 3,000 x g, 10 min at 4C..,The peUet was ^suspended 
in dH 2 ,Q an* t tl.e,ptf raised Jto^sT.wlth' W,*la0H. The pill solution 
was then reacted w1th,J r etny1 r 3-. P-Pimethyjaminop^opyl)^ . ^ 
carbodiimide-HCL (EDAC, Bio Rad Laboratories- " Richmond SliliSS^ 1 
to a final concent^ipn of 0,5 mH in the presence. of 20 mM .. . '\[ 
1 ;MUmi,noethane,(B^H.. Chemicals Ltd.. '.Poqie";, England)",' over^ghtTat'. .: 
room temperature: (20-23C) ... The ami no-substituted 987P' was dial ysed" 
for 24 h^-against *wp ; changes, of. 0. 1, M carbpnate/bi carbonate buffer 
P" 9 ^ej^e..j0ejjig^ed ^n ^^ub^e^ent conjugation j|gpj ' Lectin" 
b1ndl <£S ^^fyti^&^f&^K reaction w'tth DNFB by the 
addition of the Lectin specific sugars. Thus, 50 mMlolutions of " ' 
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0-glucose. • D-mann^i? * 



L-fucdieV vers added to tne roupwing i^wm..- 

„fi,en:uS'cWnirli; ; Heiix pbMii.'ftiMlui vulgaris 

Antigen administration - 

Female C578L7 6J ml ce" < 1 8i22 J gra) were ob&i ned' from the AmihaV 
Resources Centre (Perth, We sWrt Australia) . All mice wer* starved 
for 3-4 hour! prior to oral or intramuscular (fM;)' administration of 
1-0 antigens. Mice were fed antigen at appropriate conc&nthttlohs in 0.S 
ml of 0.1M carb/bi carbonate buffer pH 9V5 us^g a specially prepared 
feeding WedVe. Parai Tel ^oW of antigen were Injected fjtfpfti* 
O.iml of sterile physiological saline 5 , Into the left hind leg. Groups 
of 5 mice receiving antigen either 1 orally or im were -given two 
15 identical 1 doses of antigen, on day 0 and day l4. * blood sample was 

taken (approx. 0.5 ml) from the retro^orbital plexus on day 14 arid day 
21. Mice were then sacrificed by cervical dislocation and gut washes 
performed on the small intestine in the following manner. The smal 1 
intestine was carefully removed and a small quantity of washing buffer 
20 * (1.0 mV?30 mM Trls-HCVpH vA'^lH^V^'m^ 0uiTM Tween 
20) 1 ntroduced 1 ntO the f umen of the gut ; v1 a a blunt ended feeding 
needle" A; After gently Xneddinf If ^ 1 hires i\ n6 the contents were v; 
squeezed ^titi^®^^^^* washeV so obtained 
were immediately c6n^ifugerto flmove'debri sW stored at -20C unt1 1 
25 assayed 8%od s^plifW 

■ : the serum. «W*i«8^^^ Z^T^Z', 

The ^isA ; for-thl lterfiillliin.# 
•is • desert bed prevlo&W&f 3 ^ W*^^ tr *T*V*tttiWfc : * (? ** 0 ** ! " ' 

Identif IcatloM^ -MolltM%%ctive tl M &oMl^m^^ 
'-jhi* polibltloteM^ 
the capacity to bind to'lhe' inVeYfihal mucosa and to stimulate the' 1 
production of a^1mtehe f f ll^of frlif &r J trttloW ^hepv; ' 

35 molecules was examined; 1 Tl^e Response generated by these i^lecules was ^ 
compared to the response seen after ^^^^f!^* 
having no mucosal binding functions. 
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As seen in Table 1.1, three broad classes of proteins were 
detected in; these ^^^experiraents those that: el 1 cl ted,a serum and 
Intestinal response 987P. LT8, flu vaccine and the various 
lectins (Class 1) (these shall hencefpftn' be referred to as mucosal '' % 
immunogens), those that elicited only a serum response imi™<it£s(' jm 
ID and those that failed to elicit efther a serum or intestinal * fe p 
response at the doses tested (Flagellae, 8SA and P.S.) (Class III). 
Within c||ss I antigens 987P was a significantly superior stimulator 
of IgA antibody (ab) (48.5 ± 1.8) when compared to LTB (12.2 +4/4), 
or K99 (3.2 ±f9). In addition 987P.a1so stimulated gastrointestinal 
IgG (10.8 + 1 ,76) to a greater extent than either JC99 (3.0 + 5.3), or" 
LTB (1.0), and only 987P was capable^of stimulating serum IgA (10.8 + 
8.8). All four class I antigens stimulated serum IgG to similar 
degrees (Table 1.1). The class II antigen, LPS, stimulated a small 
serum IgG response (12.1 + 1.0) with no concomitant IgA or 
agastrointestinal reactivity. Finally 8SA, flagellae and the 
polysaccharide moeity of LPS - class III antigens - failed to induce 
either serum or intestinal IgG or IgA, Representative samples from 0 
all three classes; K99, 987P. LTB. LPS and flagellae were administered 
intramuscularly and screened for both serum and intestinal response 
(Table 1 .2). , Class I and II antigens gave similar Serum IgG responses 
yet failed to ; produce serum IgA or Intestinal IgG/ IgA Ab responses. 
Only the ah ti-|PS serum IgG response appeared significantly Improved ° 
by i.m. immunisation. Each of 987P, K99 and LTB were further examined' 
in dose re^pon|e studi es after both oral and .1 .m. admi ni stration . As - 
seen in Tables 1 .3 and 1.4, 987P yielded consistently higher titers 
than either K99 or LTB regardless of the route of adminl stration. 
Interestingjy^th^cla^ - LTB - displayed a bVi T sjiapld" * 

dose-response with a plateau maximum between 10 and 50 Hq. None of 
the other class I antigens produced this effect, nor di d the LTB when 
administered Ira. Oral administration of all class I antigens (Ag> '' m ' 
elicited higher levels of intestinal IgA Ab (S-IgA) over the broad 
range of doses tested. Comparison between the two routes of 
administration suggests that although i.m. injection consistently gave 
higher titers, oral administration of mucosal immunogens resulted In 
comparable levels of antibody production to that obtained by the i.m. 
route between 10 and 100 Pg of antigen for class I and II antigens. 



SUBSTITUTE SHEET 



WO 86/06635 



10 



15 



20 



25 



30 



Antigen 



. • _ ; ■ ; _ . Table r : i v ft b ^ ~ ^ 

Immune e reactions to oral iy presented antTgens 



feat®. ic' v - 



for Immunisation 
<20 l*g does) 



Serum 
IgG 



968 + 120 



Immune response , * day 21 
IrtteSstinat 



IgA 



IgG 



IgA 



K99. . . 
987P 

ltb ., f -/^J: 

Flue vac 
Flagellae ..." 
LPS 
PS 
BSA 

Con A** 
FW-mitogen** 
L. culinaris** 
H. pomatia** 
P. vulgaris** 
G. max** 
A. hypogea** 
U. europeu$* r J583 i/ 94 



<4 ' 3.0 + 5.2 ' 3.2 z 
776 + 64 10. 8+8. 8 10. 9 + 1 • 7 48.5 ± 1 .88 



1351 ± 211 
179+ 34 

" '' : [<i , ' 

12.1 + 1.6 
<4 

; ?/ ";<4 

666 + 84 
641 + 119 
954 + 48 
591 '* 127 
1378 ± 110 
152? + ,65 
1276 ± 242 



<4. ;<4' ". 12.2 + 4,4' 

<4 ''° <4 ' ' <4 

. ... ..... . -.. •• 1 / ' ■ : 

<4 <4 .' <4 

<4 " "<4 ' ' <!"!'' 

<4 <4 <4 

<4 <4 <4 " 



<4 nd nd 

<4 nd nd 

<4 nd nd 

<4 net nd 

4.8 i 2.3 nd' ftd 

3.1 ,± 6.9 nd hd 

<4 rid nd 

" '^4""" nd :" nd 



* The reel procal of the ant i serum di ] utipn^ that gave an ELISA^^ 
reading of 6.5 aftif 45 minutes at 27C. Each value represents the ^ 
mean value obtained from 5 ml ce% 1 standard deviation. ^y^L^^- 
** Each lectin was "substituted with 4 DNP mblecules/mole lectin. 

The ELISA ti tire represents the anti 6MP response as measured againit 

^fw ti^ sr./ V*. -nn _ ^ . «. - . ?^r^y ; : - v r3-c ^ : 

DNP- BSA. - , k . . ■ . : 
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Table 1.2 



Antigen used Ish 
for Immunisation 




ens presented 
Immuha^Iespdn; 


intrarouscularl y 


(20 Ug does) 


. Serum 


. . ; Il}t§stina. 

igA 


IgO IgA 


K99 

■■■ ' . 3, 


. 1024 ± 94 


<4 


<4- ; ' <4 


987P V : 


1552} + 112 


■ <4?^' 


<4 <4 


LTB ;i " 


J 1 782 + 100 




<4 <4 


Flagellae 


1 595 +227 


<4 


%: <4 


LPS; 


388 ± 58 


< * 


<4 <4 



See Table 1.1 



15 



1.3 



20 



25 



30 



35 



Antigen 



Pose response to orally prp ^ted antigens 

Immune repsonse*, day 21, per dose Cog) 
0] K0 ] 0 50 100 1,000 



K99 

987P 

LTB 



K99 

987P 

LTB 



Serum IgG 

y : <?•'.': I- 0 , 575 1351 

4 '° 14 84 ^sV 1024 r 3104 r ^ ; - 

V ' ,. - <4 



ilS'.J**"""". <*■ <4 < 4 

<4 ; <4 ^»8$?jf?5fc ; 1 Bff " 32 • v fJ?&'*' 

<4/ 



;<4 



X ^?>;'' r< 4 */<. TsSfttfc <.* 



K99 

987P 

LTB 



K99 

987P 

LTB 



■ - <4 -<4'-' <4 <° 

Intestinal IgA" . . . v vi , v .. 

<4 ^ <4 ; -4.0 f6;7 

v> .. <4 - s . f ' ? <4vj i-,.,,^1,, 54 84 
<4 <4 <4 



%0 8.0 

<4 a- 



* see Table 1.1. 
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Table V. 4 

:,v ■• . ■ i' . 

Dose response to intramuscularly presented antigens 



Antigen 


Immune r 


response* 


, day 


fiv -per dose Cugj 






0.1 




10 




100 


1,000 


K99 

987P 

LTB 


Serum IgG 
256 
256 
64 


445 
891 

588, 


776* 
1024 
1176 


1351 
3104 
2702 


1776 
4096 
4096 


5104 
1 aotLV 
8192 , 


TK99 
987P 
LTB 


Serum IgA 
<4 
<4 
<4 


<4 
<4 
<4 


<4 
<4 
<4 


<4 
<4 
<4 


<4 
<4 
<4 


<4 

<<* 

<4 


K99 

987P 

LTB 


Intestinal IgG 
<4 
<4 
<4 


<4 

<4 ' 


<4 
: <4 
<4 


<4 
<4 
<4 


<4 
<4 
7.0 


<4 
<4 
16 


K99 

987P 

LTB 


Intestinal IgA 
<4 
<4 
<4 


<4 
<4 

*4 . 


<4 
<4 

<4. 


<4 
<4 


■ ' <4 
4.0 
16.0 


4.6 
6.0 
11.1 


* See Table 1.1. 













EXAMPLE 2 .. . 

Effect of dietary molecules on"the Immune response to mucosal 
Immunogens upon oral presentation. f f ^ STj 

Initial studied In our laboratory using outbred Swiss male mice 
suggested that It was possible to alter the immune response to orally 
presented antigens by the co-feeding of certain dietary molecules. 
Accordingly,^ mucosal immunogens, ;K99, 987P and LTB were fed to 
mice in the presence^of a mumber dietary sugars and vitamins. It was -• 
reasoned that as the different antigens were known } to bind tOi >r 
different molecules on the surface of the intestinal epithelium, and . 
as it is knowi^hat theVe 1s^' change in the -distribution of 
glycoproteins and glycol Ipids throughout the 1 ength of the gut ^as well 
as a change In distribution of absorptive ceils, It might be possible j-x 
to stimulate the uptake of molecules bound to these cells by 
presenting the antigens In the presence of the specific dietary 
molecule normally taken up by these cells. An extension to this 
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argument would be that" the bro'fVfe ci^/i*,*^ ?~ r »®ste-;- Mf 
. = i. A. uie pronie of stimulatory molecules would * : 

change froraantigen to antigen. " " " - 

that although most of the vitamins. and sugars have had some effect in ;f 
modulating the immune response ' to K99 fW? and "fit. d i eliry ^ ? 
molecules appear to be selectee as to which Mucosal 'immunogen they" 
appeared* influence but also as to whether they induced primarily a 
secr ?4 a ^, : or serum response. f Thus, the serum antibody 'response' to V 
was significantly increased (P*0.05) by c^-admini sifaUoS wHh Vit' ^ V ^ " 
812 of Melibiose, unchanged when given with Vit B2^ yjt'b, Vit E "'• " 
Fructose or Mannose and decreased to varying extents withVit A.'vit 
Bl, Vit 86, Vit C, Lactose ^Sorbitol and Xylose (Table 2.1). 

In contrast, the serum Ab response to oral 987P< Table 2 2) was 
elevated when 987P was co-administered with Vit B6, Vit812. Vit C, 
Vit E, Fructose or Mannose, it was unchanged with Vit A, Vit Bl Vic - 
82, Lactose, Melibiose. Sorbitol and Xylose; arid decreased in the 
presence of Vit D. LTB on the otherhand, displayed a unique profile 
for the effect of co-feeding of dietary molecules on the serum Ab 
levels. The results in Table 2,3 clearly show an augmented serum ' 
titer to LIB, in the presence of Vit A, Vit 82, Vit 0, Fructose " 1 

Mannose and Xylose. Little or no change with Vit 81 ' Vit 812, 'vit C^' 
or Mel ibiose and almost complete, inhibition with Vit 86 Vi t E 
Lactose, Melibiose and Sorbitol ; The inhibition of an immune respoht 
seen with Vit 86, Lactose; Mel ibiose and Sorbitol is to be expected "" 
due to the ; similarities in structure of these compounds to Galactose^" 
which is claimed to be the specific sugar determinant on the GMT ' * 
gangiioside to which LTB is known to bind.,, These, results are broadly 
suggestive that X99, 987P : and LTB bind to and are internalized by 
discreej cellsof the microvillous epithelium. ' 
h ^ ^se response^xperiments (Tables 2.4,; 2; 5 and 2.6) demonstrate" 
that 15 the 'secretary arnCof the immune system" 

without con|^|taht ; stimulation of serum antiopdies, or -conversely 
augment the serum response without affecting'the level of secretary '^'^ 
Abs, by the simple addition of dietary molecules to the orally 
presented mucosal .immunogens. Thus cofeeding of large doses, of Vit " 
812 or melibiose with ^9 leads to a two to eightfold (respectively) ^ 
increase in serum Ab with little concomitant increase in secretory ^ 
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Abs. Conversely (?of«;dlng- of W D J O •«? J^'SSfc*^- - 
in serum Ab^d'a flse ln secretory Ab. Certain dle^ry molecules on . 
the other hand also result in stimulation of ^th ^sec^ ^ se^m 
Ab titres as shown by an eightfold increase in serum Ab and a 1000 . ; A 
fold increase ^S-IgA upon cofeedlng^ Vif C with 987P. ^ 

Experiments in which the mucosaf immunogens were injected i.m. ^ 
together ? wUfi ft lTtSins or sugars showed little effect if any oh the ^ ^ 
immune response thus demonstrating that the change in response due to 
cofeeding of these molecules with the mdcosal immunogens must oc^ur on 
or near the site of absorption of these molecules rather than .directly 

upon the immune system (Table 2.7). 

; j : TABLE 2.1 . '[ \.. t ... 

Effects of dietary molecules ortShe immiihe response to orally . 

administered K99 <20Hg)* ' ,^.'. a4tt . '. ^> ■**.-<• ^ >,-;•£ 

Antibody Response 



Dietary 
Molecule 
none 
Vit A 
Vit 81 
V1t 82 
Vit B6 
Vit 812** 
V1t C** 
Vit D** 
V1t E*'^ 

Fructose 
Lactose 
Mannose 
Helibiose 
Sorbitol 
Xylose 



Dose 



20Ug 

II 



II 



SdmM 



•i 



■J? ? ^ J 



Serum 
IgG . 
968*120 
278+184 
117+107 
604+216 
14+50 
3377*1 2^6 
318+255 
' 1921+640 
'512+128 

1782*966 
84+204 
1176+411 
1840+208 

,; 77±179' 
* 328+2 if' 



<4 

314+4.7 
1. 5+2.0 
<4 

/* 4 I '1.. 

4.0+3.0 
m 2" 0+2 . 8 

8.4+3.7 
2^6+3 .4 

i.i*K4' 

rvy.^ ^0 ? 



intestinal 

"igG 
3.0+5.2 
1.5+1.1 
2.7+1.0 
2.3+1.7 
2.0+1.5 

l: <4: . 

3t £i Vi 



9't 



IqA 
3.2+4.9 
5.4+3.0 
2.1+0.9 

: 2 .0+O'i6 
3.5+8.2 

<4 * 
98+fb ; 

6.3+2.7 
4l4+2 i :l 



0$ ■ 



"" 2. §+1.6. " 34- 7+14.2 

<4 22.9+6.7 

10.2+3:* 2i : i±40. 3 

3.2+2:0 4.4+3.7 

1:3+0.4 20.5+3:4 



* The reciprocal of the antiserum dilution that gave an ELISA 
reading of 0.5 after 45 rain at 37*| on day 21 after Immunisation. 
Each value is the mean of five mice +1 standard devfit ton. 
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Effects 
<20Ug>* ,■ 



. ■ TABLE 2.2 ■ ■ 

of dietary molecules on the immune response to oral 



Antibody Response 

" Intestinal 



Si: 



* See Table 2.1 
** See Table 2.1 



Dietary 


Dose 


-Serum 


Molecule 




IgG 


none 




776+64 


Vit A** 


20Hg 


648+40 


Vit 81 , 


II 


891+127 


Vit B2 


II 


1082+271 


Vit B6 


II 


1782+509 


Vit 812 


fl 


3983+1307 


Vit C** 


II 


4521+1046 


Vit 0** 


II 


398+89 


Vit E 


II 


3468+776 


Fructose 


50mM 


2048+894 


Lactose 


,;n 


1128+662 


Mannose 


it 


4970+2270 


Melibiose** 


ri 


1243+474 


Sorbi tol ** 


■1 


1389+307 


Xylose 


■1 


1024+941 



V 4 i ■ 



IqA m, 

10.8+8.8 

29.0+20 

12.1+3.6 

31.1+ll.g 

23.6+8.7 

48.5+16.0 

54.2+19.2 

18.8+11 .0 

9.18+2.6 



10:9+1.7 

5*8:4+3.1 
9.4+1.5 
17.8+7.6 
32.8+9.3 
35.7+3.4 
10. 8+6. 9 
13.1+4.9 
11.1+4.2 



10.8+3.6 : 15.1+4.7 
15.3+2.9 . 19w6+2.5 
24.9+11.7 14.3+1.9 
30.3+7.7 91.7+10.9. 
38.8+19.1 22.9+4.6 
6.2+1.9 19.6+7.1 



IgA 

48.5+1.8 

20.5+24:6 

14.7+5.5 

21.1+11.9 

39.9+7.1 ~ 

91.7+31.9 

84.1+14.3 

34.7+8.1 

19.9+3.9 

23. 5+3. 2c 
21. 7+6. T « 
16.9+26.4 
124.5£22.6- 
9U<7*18.6 
21.4+5.4 



35 



SUBSTITUTE SHEET 



,5PCT/AU86/00135 



30 



- 22 - \ fcV - 

r-:^r i ' TABLE 2.3 ! • * « - - * ■ " 

Effects of d i etary , molrecu 1 es? oft' the $ 1 mmune response to oral LT8: ! ? f* 

(20Hg>* 

Antibody Response 



5 • 


Dietary 


Dose 


Serum 




intestinal 






Molecule 






■ IqA - 


u ;IqG .:~sf;.r 


. igA — 




none 


- 


1351+211 


<4 


<4 


12.2+4.4 




Vlt A 


20fg 


4705+676 






2 1 . 1 + / * b 




Vlt Bl 


it 


1782+309 


< 4 






10 


Vlt B2 


il 


3565+908 


■ ■ 


<4 


i ^ r\ "7 

16 •0+3.7: 




Vlt B6** 


H 


9.18+1 .1 


54 


^4 






Vlt 812 : 


II 


1024+116, 


; :..f4 


- • <4 ? -• 


24.2+11.9 




V1t C 


II 


337+206 


<4 


<4 


16.1+5.0 - 




V1t 0 j 


II 


4097+74 


<4 


• <4 


13.9+2.2 


15 


Vlt E 


II 


194+64 • 


^ A 

U- 54 


-4 






Fructose* 


50mM 


5208+1192 




<4 


10.5+3.3 




Lactose** 


It 


5.0+1.0 


<4 


<4 


<4 




Mannose 


a 


4096+658 


•,-<4 


54 


24.2+8.1 


20 


Meliblose 


if 


512+76 


<4 


<4 


8.0+4.0 




Sorbitol**,:. 


ii 


,., 8.0+1.2 


,-54 




^54 




Xylose i S 


, y it 


5404+2211 


]i<4 


w/,.>54 


21.1+9.2 - 




* See Tab! 


e 2 ;1 i . 






its.,:":: ; 




25 


** Seelabl 


e 2.1 








.: 5 - :■ 
■:■ v.,-.- 



^'2 



35 



TABLE 2.4. 



response to oral antigen <K99)* r" JW : f ^ > 



256 


675 


1176 


1552 


2352 


nd 


2352 


512 


891 


588 


675 


1024 


nd 


891, 


588 


588, 


776 


891,; 


1782 


nd 


891 


128 


256 


675 


4096. 


9410 


256 


nd 


<f 




4.0 


5 


H 


nd 


<4 


<4 




4.0 


16.0 


16.0 


nd 


16.0. 


<4 


<4 


<4 


<4 


<4 


nd 


<4 


<4 


<4 


<4 


4.0 


4.0 


4.0 


nd 



Melibiose 



<4 


<4. 


<4 


<4 


• <4 




4.0 


16.2 


32.0 


36.1 


<4 


<4 


<4 


<4 


<4 


<4 


<4 


<4 


4.0 


4.0 



nd <4 



Vit C <4 < 4 



4 -9 16.Q- 36.<7 ; nd ; 73.5 



0.11.0: io so ,00 500 1000 

Serum IgG 

Vit 812 256 675 117/; icm" ' ; ' * u3e 

Vit C 
Vit D 
Mel ibiose 



Serum IqA 
Vit 812 
vit c 

VI t D 
Melibiose 

Intestinal Ig G 
Vit 812 

H tC >. *•« <*.2 32.0 36.1 nd 38.0 

Vit D <4 <d <a <m n | <4 ' 

4.5 .. r • nd 

Intestinal IgA , .. 

4, ^ M : > 5,2- nd 13.9 



l*° u %S <4 ;-- 4.0 8.0; 13,9 nd 24.2 

Melibiose 5.2 4.0 4.0 4.0 9.2 4.0 nd 

~. dose in Pg, vitamins; '•+• dose in mM, sugars . - . . 

* See Table ^ 
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TABUE 2;5 



Effe^f of Wa1% idiiifnl stertdch etary moi ecules on ftie immune 
response to oral antigen (987P) 

oay zrm^vm^^w^^m 

01 etary 



molecule 


0.1 


1.0 


10 


50 


100 


□00 


1 AAA 

1 uuu 




Serum IgG 




. -~. < 












•J ,1 \ * 


Vlt A 


512 


675 


388 


j. - 
891- 


675 


nd 


588 




Vlt C 


891 


1351 


4096 


8192 


8191 


. rid; 


9410 1 




Vit D 


2352 


2048 


256 


73 


147 


nd 


1351 




Mellblose 


512 


481 


463 


1250 


1006 


1292 


nd 




Sorbitol . 


873 


1133 


1024 


1400 


2123 


85: 


nd 




Serum IgA 




.V* • 












J- „, 


Vit A 


<4 


<4 


16.0 


30.0 


36.0 


nd 


64.0 




V1t C 


4.0 


4.0 


32.0 


66.0 


73.1 


nd 


86-7 




Vlt 0 


64 


16.0 


16.0 


16.0 


28.0 


nd 


38.1 




Mel 1b1ose 


nd 


nd 


nd 


nd * 


nd 


nd 


nd 


• •••• =. 


Sorbitol 


nd 


nd 


rid 


nd 


nd 


nd 


nd 


; « • 


Intestinal 


IgG t: 


A. i 








ir ■ 




. • ?•!■«'' 1 *: 


Vit A 


<4 


<4 


4.6 


17.2 


16.1 


nd 


16.0 


.= .-•'• 


Vlt C 


<4 


<4 


16.0 


6.0 


5.2 


nd 


16.0 ■ - 




vi t b 


V. <|a 




<4 


12.2 


14.6* 


nd 


14.0 




Mellblose 


5.0 




,75* 


76 


* 38.3 


•-. ■ ■»> 
4,1 


nd 


; ': .* 


Sorbitol 


l ' ' 50 


■ m. 




93 


■ 294* 


257 


nd 


V J" '. 


Intestinal 


IgA 
















vit A 


<4 


<4 


4.0 


26.9 


32.1 


nd 


16.0 




Vit C 


<4 


4.6 


55 


337 


1024 


nd 


776 




Vlt D 


<4 


■" < 4 


16.0 


147 


25.2 


nd 


36.7 




Melibiose 


7.6 


39 


65 


159 


58.0 


16.0 


nd 




Sorbitol 


52 


51 


67 


111 


178 


180 


nd 





dose In ug, vitamins; +> dose in mM, sugars 
* see Table Z A 
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Day 21 


Immune <r 




se ; D~er do 




1~ mMj. ^ 
J. , iHr!+ / 




Dietary 














' • • ••• ci- • . ; '. ; 


molecule 


0.1 

30- 


1.0 


10 


50 


100 

f w 


JW' 


^1000 a*V^; 


Serum IgG 
















Vit 86 


2352 


5048 


55 7 


I v. O 


A C 

4.6 


nd 


4.0--- ^ . . 


Lactose 


^1782 


1782 


73 . 5^ 






4.0 


nd - 


Sorbitol 


€S?I024 


1' 256 ; ' 


13 3 


" P. 5 1 Q M 




4.0 


: nd ■ 


Serum IgA 
















Vit 86 






t+ ■ 


^4 * 


•v ^»4 


nd 


< 4 


Lactose 




<4 


<4 


<d 






nd 

V'„ • / .... '• 

nd - 


Sorbitol 


<4 


1 .4 


<4 


<4 






Intestinal 


IgG* 


i '.' ■*■ 












Vit 86 






■ < 4 


<4im 


<4 




■i* <4 


Lactose 


<4 


<4 


<4 


<4 


<4 


<4 


nd 


Sorbitol 


."Hi «i<4 


• <4 r? 


i:*4"< 


r, '<4 sz&l 


<4? : 


•■• • ' <4 


•r.$-frd*«' t *'- '»" 


Intestinal 


IgA . 












* • S 3»J : "* 


Vit 86 


5.6 


<4 


< 4 




<4 


nd 


<4 


Lactose 


4.0 


4;o 


<4 


<4 


<4 




nd 


Sorbitol 


4.0 


< 4 


<4 


• <4 


<4 




nd 



~> dose in u 9» vitamins; +, dose in mM, sugars 

* cab Tahl a o 1 ' 



30 * see Table 2.1 
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'"Xn 



TABUt 



Effect ,qf jraj^ 
on the Immune response to in 



;c-987P£;*V* 



Antigen 
given 



Dietary 
Mnolecule 

(ug) 0.1 1.0 10 50 



100 1000 



10 (s> IgG ..■ >■;,? 

X99 Vit 812 1121 

K99 Vtt 0, 

987P VI t C 



1468 1572 J 2328 4766 2109 
1024 . 1272 1168 4' 3 372 fc$(J489 1315 
1687 1529 1707 1700 1662 1891 



.-.■■3 v- y 



15 



(mM) 



0.1 



1.0 . 10 K 50 100 500 



20 



(s) IgG. 

K99 Meliblose 1024 

987 P Melbiose 1538 

987P , Sorbitol 1670 



1176 1057 1392 1262 989 
1622 1701 1519 1666 1621 
1 577 1 548 fe 1632 ; 1711 1651 



+. no seruifcflgA, Intestinal IgG or 1 ntestl nil fgA detected 
* See Table 2.1 
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EXAMPLE 3 m 



significant *r*fl^WK?m**6r' Mmtt a parallel' rise in " 
secretory IgA antibody levels. , Furthermore /iGaVshown^ "that thV " 
immune r«i™« ^ 

molecules. The finding that ; tne lectins used in the first stud/ vere 
capable of acting as carriers t6 .prime ifor an anti^NP response ' 
suggested that the potential exlftl^^ of these ^ 

.mmunogens to act as "carriers" for.other antigens, therefore ' 
improving the relatively poor uptake of most antigens across W' ? ^ 
intestinal epithelium. - 5?f, * ; 



The following study was designed to investigate whether this 
carrier potential exists and to establish some of the various 
15 parameters for its successful use as a means of formulating new and 
more effective oral vaccines and/or orally administered drugs. 
Materials and Methods 

Conjugati on of antigens to the mucosal imrnunog pn* 
DlnitroDhenylation of carriart 

20 0NF8 was reacted with Lectins and carrier as described above 

(see general methods) 

LipopolysaccharidP (IPS) and oolvsarrh aride (PS conjujaUon 

S. typhimurium LPS and PS were purified as described previously 
(accompanying examples), LPS and PS were coupled to the MI using the 
" Periodate method (Avrameus and Ternynck, 1971). 
G 1 utaraldeh vde coup 1 i ng 

Leutihizing hormone releasing hormone (LHRH), bovine serum 
albumin (8SA) (from Sigma Chemical co. St. Louis, Miss) and S_ 
typhimurium flagella were individually coupled to MI using the two 
step glutaraldehyde procedure of Ayrameus et al (1978). Briefly the 
required protein was reacted with 0.2X glutaraldehyde for 2 hrs at 
R.T. proteins were dlalysed overnight against carb/bicarb buffer pH 
9.5 followed by the addition of MI at molar ratio's of 5, 10, 20 and 
40:1, Antigen:MI, as required and reacted for 24 hrs at RT. Finally 
ethanclamine (Sigma) was added to a final concentration of 0.1M (1 
hr RT) followd by overnight dialysis at 4C against 0,1 M carb/bicarb 
buffer pH 9.5. 
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Peroxidase conlugate d lectins ,.^,„ ^ Jf v , 

Conrn,4?c ; iIi"Veparat?5ni of peroxidase Conjugated to the, lectins ; 
from Glvclfe max , Arachfs hypogea, Tetragonolobus purpureas, and,. 
conconavalln A Were puchased from Sigma. , . _ }l , . .. 

Chemi cal svnthe sl s of LHRfl conjugates ' " ^ ^ , 3 . tx , ?>;; 

LHftWwas conjugated to If B iis 1 ng the glularaidehyde; procedure. 



outlined above! G1 utara! dehyde actl vatld LHRH was added to LTB at 

ratio of 20: 1 LHRH:LT§ and allowed t^^fj^c^^^l^i ifff 'i >i-n&ts< 
resultant con jugkte was d 1 al ysed extenslveiy against 6. 1 M. Carb/blcaH) 
buffer pH 9.5 before" feeding. Control s cons 1 stod of LHRH or LTB which 
had been treated with glutaral dehyde aione. f ■:/-,.]: 



".I"-;:- u; :mj J -.J2fc •■ 2 
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Immunogen 



Antibody response to.4NP,-^^^ „ v #| 



Dose 
(ug) 



Immune response* 

^5>f5^#^|l ' Antl -Carrier 

o ft s??' 



3.9*5.1 
16.7*2.3 

o 7 76*12.9 
88*21.0 

27.8*13.6 
0; 84*22.4 , 

; <4 ' 

68*19.2 , 
128*38.4 , 

12.2*4.4 

<4 
4.0 

<4 ... 

rid 
nd 
nd 
nd 

rid 
nd 
rid 
nd 

* The reciprocal of the antiserum dilution that gave on ELISA reading 
of 0.5 after 45 m1n at 37C. Each value represents the mean of 5 mice 
*1 standard, deviation. 

** Each lectin was substituted with 4 DNP groups 





K99 


20 


<4 


<4 


875*62 




K99 


100 


. - •• ' <4 


. <4 ' 


1351*128 




UNP5.K99:; . 


20 


21*10.5 


<4 


64*7.2 


10 


DNP18.K99 


500 


1024*77 < 


42*9.6 


128*27.4 




0NP1.8.K99 


5Q0 


1176*164 • 


28*14 4 






987P 


20 


i 


•: <4 , 


891*76 




987P 


100 




<4 


1024*89 


15 


0NP6.987P / 


20 


24*3.1 


<4 


147*12.2 




DNP25.987P 


500 


■ 1024*244 : 


14*3.1 


111*34.1 




DNP2.5.987P 


500 


1351*196 > 


7*1.4 


2048*166 




LTB 


20 


<r * 
**+ 


<4 


1351*211 


20 


0NP2.3.LTB 


20 


24.3*5.6 


<4 


445*35 




LTB 


100 




<4 


891*56 






20 


4 


<4 


<4 




DNP6BSA 


100 


<4 


<4 




25 


Con A** 


20 


666*84 


<4 


nd 




PW-m1 togen** 


20 


641*119 


<4 


nd 




L. cuiinaris** 


20 


954*48 


<4 


nd 




H. pomatia** 


20 


591*127 


<4 


nd 


30 


P. vulgaris** 


20 


1378*110 


4.8*2.3 


rid 




G. max** 


20 


1529*65 


3.1*6.9 


nd 




A. hypogea** 


20 


1276*242 


<4 


nd 




U. europeus** 


20 


1583*94 


<4 


rid 
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TABIiE,l3 










Carrier 


poterit'fal 

. '-if. 


0^1(9 

& .'v.-.'--/*. -V- ■ 


9'ifor^ar1b : 

:-. L'. t^-i^ f-, .. 












> ,..J . f-ti 




Irroti 


dne Response* ? - 




5 


fit**! 

Iitmunogen Mol 


ar ? Dose 




£ Antigen * 




Carrier 


Tnt IaA 






Ratio 


<Vg> 


Serum IgG 


Iht igA 


Serum IgG 




K99 


' 


... . 

20 




<4 


875+62 


O > 5+ □ * 1 




K99 




166? 


<4 




1351+94- 


ID./ . o 


10 


8SA-K99 


1:4 


20 


^4 


<4 


•■, < 4 


t ■ 




BSA-K99 


1:5 


500 


<4 


; <4 


73. 5+11. '2 


<4 - 




BSA-K99 


1:10 


500 


<4 


<4 


147+48.2 






8SA-K99 ' 


1:20 


500 


222+47 


126+29.2 


3809+226 


OHt I O • 0 




BSA-K99 1 - 


1:40 


500 


73+19.6 


44+7 5 


3176+391 


OHt 1 J ♦ -7 


15 


F1ag-K99 


1:5 


; ; 2b 


< 4 


<d 


<4 


<4 




LPS-K99 


1:1** 


20 


<4 


<4 

4- 




<4 ■■ 




PS-K99 


1:1** 


20 


' <4 " r " 


<4 


229+101 


5.2+2.6 




BSA 




20 




<4 








Flagellar 




20 


<4 


<4 






20 


LPS 
PS 




20 
20 


12.1+2.7 

*' <4 


<4 
4.2+0.4 








* See Table 3.1 






j> 








'** Ratio based on weight. 






or; 




25 


V '*■ ' 















on 



30 
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TABLE 3.3., 

Immune Response* 
Immunogen Molar Oose Antigen Carrier 

m^^.^rm IgG In* IgA Sejrujn Ig$, 



987P 


- 


20 


<4 


<4 


98 7P 




■ 100: 




<4 ; 


BSA-987P 


1:4, 


- 20 3 






BSA-987P 


1:5 


,-, 500 ,; 


^4 




BSA-987P 


1:10, 


.;, 500 


29.8+7.4 


4.6+2.2 


BSA-987P 


1:20 


- 500 : , 

•-' J. 


306+88 


122+47.6 


8SA-987P 


1:40 


r 500 


124+47 


110+38.4 


Flag-987P 


1:5 


- 20; 


1552+361 


<4. : , 


LPS-987P 


1:1** 


..; 20 




<4 


PS-987P . 


1:1** 


20., 


<4 


<4. 


BSA 




20 


<4 


<4 


Flagellae 




20 


<4 


Hr no 


LPS 




20 


12 :, 1+2.7 


<4 , 


PS 




20 


<4 


4.2+0.4 


* See Table 3.1 








** Ratio based on weight. 







891+76 
1024+83 
,84+2.6 

256+49 
,675+110 



194+28.6 
337+96 



27.8+13.6, 
84+26,7 

<4 r '- : . 

<4 

194+38,6 
156+55 

<4 1 
5.2+6.8 



•;5o?.U«-0 .*«ie>;i< - TABLE ,3.4 
Effects^ altering dosage of subsmuted xan-ier on the immune . , , 
response s3 ... ,. „ • 

'jir-'-fe 



Antigen 



BSA0.03.K99^ A 
BSAO.03.JC99 ; ; * 
BSAO.03.K99, 

BSAO.05.987P . 
BSAO.05.987P 
BSAO.05.987P 
* See Table 2.1 



yi Ppse 
? 3 <l*g> 

? 70 
gp 140 
; 280 

70 . 
1.40 
280 



Immune ^Response (Serum IgG).*? . 
'MHBm Anti-Career ^ ^ 

43.9+4^4 Kf -776+148. "... ... ■» 

36- 7+^4,4; 1782+174 ~ 
73. 5+22^ 1989+215 

• >,; 36+2 ,6 - - 891+109 ; . . 
• ; 169+23.7; - ;r; ^552il76 ; : ' . - H , ; , , 
337+43.7, 2042+180. , 
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Effect of chemical tffRll^Tf reprolluctiW organs' 

of the female mouse' 



Con 



• h. 



NO : : Body ^vaff« ; 



XBody wt 







procedure 






(Ug) Mice weight 




+utef us 6+U/tot f ' 














LHRH-LT8 


glut 


OS /OS 


20 


5 


21.19 


0.03 


0.17% 


LHRH-LTB 


glut 


OS /OS 


50 


5 


• 21.16° 


0.04 


0.23% 


LHRH 


glut 


OS /os 


50 


6 


20.13 


o.n 


0.62% 


LTB 


glut 


OS /OS 


50 


3 


18.18 


0.14 


0.76% 


LHRH-LTB; 


glut 


im/im 


50 


6' 


20.16 * 


0.16 


0.97% 


LHRH, LTB: 


mix 


OS /OS 


50 


7 


27.32 


0.15 


0.55% 


LHRH, LTB 


mix 


im/im 


50 


7 ; 


30.07 


0.26 


0.73% 


LTB 




V OS /OS 


50 


7 


28.26 


0.24 


0.87% 






OS /OS 




5 


19tl9 


0.16 


0.82% 



20 



25 



30 



* Animals received antigen on days 0 and 14. On day 28 mice were 
euthanased and their reproductive tracts weighed. 

TABLE 3.6 

Effect of genetically constructed LHRH conjugates on the 
reproductive organs of the female mouse 



Conjugate 

B-gal-( LHRH) 3:5 " 
B-ga1-(LHRH>3.5 
B-gal-(LHRH53.5 : 
LTB-(LHRH)3iS ; : ' 
LHRH 

LHRH &^§vl ' 



Route 

im/Vm 
im/im 



Dose Body 
we 



Ovaries XBody wt 
+uterus O+U/tot* 



„->> r , .s n <*?J&- 



OS /OS 

im/im" 
im/im: 



1 20' 
20 

'50 
20 
20 

c 20 



19.47 
18.44 
19.39 
19. 35 
19.34 
19.39 
17.74 
18.63 



0/10 
0.10 

-6.10 

•0.08 
0.10 

°0.15 
0.08 
6. 1 1 



dl49 

0.56 

0.54 

0.39 

0;44 

0.76 1 

0.46 

0.60 



35 For all intramuscular injections antigens Were administered in 

montanide. Im/im controls received montanide/saline.mixtures. 
* Animals received antigen on days 0 and 14. On day 28 mice were 
euthanased and their reproductive tracts weighed. 
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Geneti c f us Ion ,of : lHRH- : to, ; B-qa1,actQ<;l dase^ and LTB - . ' 

EXPRESING A -^^j^^^£^i^T^ ! 
K DNA Fragmen t Containing LTB Codl no Sequences 

A *M W ff*&$i ^s f oWalnJt^r ; om a 0R322 based .pjasmld . ' 
* M W**4M&*HU&G& $£oii g j^/al^'^S);'. from the^lasmS , 
NP307 in E. coll strain RC411 (Dallus et al, 1979) which had been " 
modi f 1 ed, using a Spe.J. .site ,near the: stop, codon for LTB, and then ! * 
mung bean nuclease d^tlon^.^tng iMB^A ^m^' (Unless 
specified otherwise, the conditions used for standard recombinant ONA 
techniques and nuqleic acid modifying enzymes are as described in 
Molecular Cloning, A Laboratory Manual, Maniatis, Fritsch and 
Sambrook. Cold Spring Harbor Laboratory, 1982) . , This el Iminated the 
stop codon normally found after amino acid. J.23. in LTB, removing f 9 base 
pairs of ONA and fortuitously generating a Hind III site as shown 
below: 

H III 

H l u ' He Ser Met Lys * 

.LTB coding sequence ATC AGT ATG A AA GOT 

"'<■ v- ; - 121 122 « -.u •'«"• 

Size » 573 bp , u , ,,. , , 



Thi s fragment was li gated into the vector pUCl 3 (Mes sing, 1983) 
after Hind I If "digest ton and: phosphatase treatment of the ptasiifd - ; 
using standard cflMtlons- This served-to.pl ace the remaining 03 
poly H nker reg lonbf pUCl 3. 1 ncluding a PstI, Sail, Xbal, BamHI, : S maI. 
SstI and EcoRI sites downstream of the LTB sequence containing DNA 
insert. f*U im V i&btdt'ti; mh <*&m l, fr--- 
z - Creation of 'iSvnthetlc^HRft Coding Ol tqoriucleotides 

Two oltgonwleotldsir of Abases In length, m th sequences^ ^ 
30 descri bed- im^m^m were^ desigrted ttf ^f br« owrlappfng hybrid o 
duplexes, as shown in C, which result In a duplex which will encode > 
linear end to'erid re?eatrdf^trte 10 'amino acids encod ing the peptide 
hormone LHRH fc^dKilty^hd ?Cti}ff*%i^i®fi$ffii$ bf^>e]atide s "a'lld ^Prote 1 ris £ 
in Control of Reproduction, McCarin and Ohlndsa eds, El sevler Selene^- 
Publishing Co, Inc. pp 89-110). In this sequence, glutamic Icid 
replaces the normal N-terml ntl^pyrSgTutamj t act d . 
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34 '■ " <Z' r 

A . '5'- ' GAG§GAi^%^^ 

B. 5-' GTA"GGA-CCA (STG i Gic^^^^6'T<^ 1 A^'^^'*- : '*'3r r ' 

C. ^....-.aA^"-r '' :: - T'^-A^'-;°r - : r A- i . ^ 

I — j '(•""" i "' g ~ I etc. 

The dVigonucVebtides^ hV ! a ! t 4b°C 

in 50 rtiM-MaCI, 10 mttTr1s1M ; 7,5#ehd 
mixture was tl gated Into Sraal cut M13 mp!8, using standard 
procedures. Ml 3 phage containing inserts were •isolated', and the DMA 
sequences of the Inserts Were determined by the didebxy technique. 
One recombinant, designated as P29, was chosen for the fused 
construct. Its DNA sequence, together with the amino adds it ' 
encodes, in the region of the Insert at the Smal site Is given below. 
M terminus of B-galactosldase, * fragment 
Met Thr Met II e Thr Ash Ser Ser Ser VaT Pro Leu Arg 
ATG ACC ATG ATT ACG AAT TCG AGC TCG GTA CCC CTT CGA ! 

Ecorl 

Pro Gly Glu His Trp Ser Tyr.Gly Leu Arg Pro Gly 
CCC GGG GAG CAC TGG TCC TAG GGC CTT CGA CCC GGG 

— - ... ^ I. f 

Clu Hi s Trp Ser Tyr Gly Leu Arg Pro Gly Glu His Trp 
GAG CAC TGG TCC TAC GGC CTT CGA CCC GGG GAG CAC TGG" n 

Ser Tyr Gly Leu Arg Pro Gly Gly Asp Pro Leu Gltf -Ser Thr " ^ h 

TCC TAG GGC CTT CGA CCC, GGG GGG GAT CCT; CTA GAGnTGGtACC : 

The DNA sequence confirmed the insertion of DNA from the 
syntheti c oil gonucl eoti des to: pi ace ran J n-frame fusion^? v ; • . £ 
approximately 3 and a half repeats of*the-:LHRH encoding 'sequence fe34 
ami no acids) . ,• The, complete i LHRH cod i ng blocks art 'indtcated by the > 
•'arrows. H "nr/N'-y ji\?rm?: : - A.P f <**wls. a> "a? 

The:[rep1 1 cat ive , from QNA ; Qf P2?ywas d i ge sted ,w%th. EcoRI .and .. . ■ - 
H fncilj? (s ites 1 ndicated in DNA seque nee above); and. >end if 1 l ledrusing > 
standard conditions. The smaVV 140 base. pair f^ 

from a poTyacryl amide; gel. ■^■u ic- r >-'ii'- cc ■■>-■■ ,«>*• t *».n." xh\ 

3. Construction of the LTB/LHRH» Fusion Mecton ^ "3 \*r, mi r : 
The pUC13 plasmld containing the LTB coding sequence inserted in 
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* he SlMiH 5 U e ^ ^t 1 ^ 1 ^ ab o^U was d t ge with Sail, end filled 
and phosphatased using standard conditions. * The : vector ONA was then ' ' 
H gated to the end filled EcoRI/HincII fragment from P29 (Section 2 ; ' " 
above), .The fusion should have the amino acid sequence below. " ' 

aal - 122 nys) : a1a-tr P -ala.aTargiy r arg^ 

LTB coding sequence. f '/' 1 ' ' * • 

1eu-arg-pro-gly-Cg1u-h1s-trp-ser-tyr-g1y-1eu-ar >l ??nH -' 1 



gly-asp-pro-leu-glu-ser-arg-leu ^- ,, ' i,:!!r . ; 

There 1s a stop codon 24 bases beyond the LHRH sequence which 
defines the production/of a 176 ami no" add polypeptide, with 122^amino 
acids from LTB, 34 amino acids encoding the LHRH repeat, and an 
additional 20 amino acids derived from the adjoining regions. " 

Tne correct construct was screened by digesting ONA from . "'^ ' 
minipreps with Eco RI and looking for pTasmids with the appropriately' " 
larger Eco RI fragment. The putative positives were further screened" 
for the expression of this polypeptide, driven from the lac prompter 

0f pUC13 ' Bacterial extracts were analysed on polyacryl amide gelf ' 

followed^ transfer *> nitrocejlulose paper and Western blotting with ' 
rabbit anti sera directed against an LTB and LHRH conjugate. A peptide., 
of the expected size was detected by both anti sera. " f 
4 - Construction of ex pressio n pl asmi d K66 and M p r M c^ .UV,'- 

. BTAti8| ' '"' " "' ' '"'*'""" u " ^.-r. 

mAjM b 1 Hi f ra 9"t"t the jffcl 3 LTB-LHRH fusion plasmid 
described in 3, which contat^s the LTB- LHRH fusion coding region in 
its entiri.ty, was isolated from an agarose gel and li gated "into Eco RI . 
cut.. phosphatased expression vector pHCZ2fc3 (from Pharmacia).' The 

is induced with IPTG. The plasmid wa S ; transformed into E.^ coil host 

strain JM101 (SupE, thC Hac-pro AB) CF' VaM6, pro AB iacl^Z V 

15) to give the [host vector expression system BTA1 1 85. . 

Produ ct1on and Purificatio n of LTB/ LHRH Fusion Prhtain <w ; " 
Animal Trials. ' w-t; •'V^; 



The LT ^LH^^£^ "" 'L. 
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previously. After 'induction with IPTG for 2 h bacteria were pel leted ... f „. 
by certtrifadation (3,000 x' g, 10 rain at 4 0 C). Bacteria were then ; _ 

resuspended in dH-O arid lysed in a French Press, . After removal of 

• . c--- ■ - ■ * ". r « * 4 •: ' • q . 

the bacterial debris by centrifugation (.18,000 x g, 1.0 mi n, at 4 C) 

the supernatant was loaded onto an agthio-galactose column (Sigma). 

The fusion protein was then e luted with 0.5M galactose and dialysed 

against 0.1M carb/blcarb buffer pH 9.5. 

Antigen adminstration arid measurement of the immune response 
All oral presentation procedures, antibody collections and ELISA 

determinations were as described previously. 

RESULTS 

Demonstration of the carrier potential of the mucosal immunogens 
All of the mucosal immunogens tested shewed the capacity to 
effectively transport the cbvalentVy attached hapten bNP across the 
intestinal mucosa and to elicit a serum anti-DtiP ^b response after 
feeding of the dinitrophenylated-MI. DNP-modi f i ed BSrV, however was 
completely ineffective in eliciting an anti -0NP or anti-BSA response 
when fed at the concerttrktions tested (Table 3.1). initial 
experiments in wjtich K99 and 987P were completed to muqh larger 
molecules than DNP w^e unsuccessful in genef^ting Immune responses to 
either tfie mucosal irrimunogbn or to the molecule coupled to it (Tables 
3*2 & 3.2), possibly due to steric interference in the binding of the , 
pill to the mucosal epithelium: It was therefore decided to vary the 
ratio of antigen to MI?.' ? Wtelt various ratios of BSA:pili were tested, 
it was found that when ratios of greater than 1:20 8SA:ptl1 werej red 
.It was not possible to generate either anti-BSA or anti-pi li responses 
even with a dose of 500 ug, demonstrating that it was* not possible for 
the complexes to effectively associate with ther mucosal epithelium 
and to therefore generate an immune response. However when ratios of 
1:20 of 1:40 were '(^fb 5 ye¥ l gobtf responses' to both' 8SA and to pi ll were ' t 
obseVved (Table l s "3.2 & 3.3). " The magnitude of the irmmirie response was . 
readily varied by altering the doses of "complex fed (Table .3.4).. 

Oral administration bf LHkH coupied ^ 
reduction 1n the comb 1 hied uter i ne Wd ovarian wei ghts of f emal e ml ce 
receiving either 20 or 50 ug ^HfiH^tTB (P '6l05¥ '-i^i^'^'S^ii^^ 
such weight loss was seen with either LHRH or LTB fed alone or 
together or to intramuscular i nfectlori of LHRH-B-gkl actos 1 dase , 
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LHRH-LTB, or free LHRH. The effecf ,of|fhe!ve1ght loss was also seen 
developmental ly/ a* there 'Commit e«| Wo ftjti^mm$j&: 
in the ovaries, thus, the animals were ef felM?e% ; ''tas^ted?^?^ 
There was a s 1 1 gh fc reductl onM ft neproducti ve tract weights when mice 
. 5 were fed^the ge^tically constructed LTB-(IHRH) ^ fusion protein m 
(Table 3.6) but in this experiment, the reduction was not significant 
at the doses tried. • 3 _ 

» EXAMPLE 4 

10 of antigen . : i • ■■■< $n #*>: rf:f «v ^ 

Feeding of mucosal immunogens was shown to be effective in v 
eliciting humoral responses as .measured by the; production of serum 
and intestinal antibodies. It was not known, however whether there 
was a concomitant stimulation of a cell mediated immune (CMI) ^ "s 
15 response to the mucosal immunogens. :..;.....,>»■ : .<■ ' - v^- 

The" following study was designed to compare the CMI generated" 
by oral presentation of a mucosal immunogen with that generated by 
classic subcutaneous (s.c.) injection of antigen in Complete Freund's " 
Adjuvant (CFA) . 
20 Methods . • :■. 

Male C57B1/6J mice were i mmurti zed by feeding 20 Pg antigen in 
0.1 M carb/bicarb buffer pH 9.65 or by injecting 20 Ug antlge^-in - " 
CFA s.c. Controls receiv^olotl:^ Seven day* 

after immunization mice were^ec*# footpad with 

25 10 Pg of%ifi^iT^ 

salfne^oneln the^ighVrear 5 fool^i ^er ^further 24 hours, 
the difference in thicKfte^betwlBe^^l -l%fVW^ht rear footpads 
was measure* Using a-- mi%rdmeter-.' " - r : ^ jiawGwusf 01 ; ' 

Results," e - - T k emA^emp® , t leu ^ ■ • ■'m?:r '+i. 

30 The. resMVsf.show* in-.tabVei4-J.te«»ns^afe^hat. a good- 

eel 1 ul^rjimmuhei^ ng of eitner 

987P or LTB mucosal immunogens: In^f^ct : ^e respbnse was suprisingly 
high as it was only slightly smaller thai) *lia* derated by the s.c. 
injection of these antigens in CFA. 

35 
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■flw*-"«8U e*x - : +*v* y^tmmMhk^ z*>- **** ^ >vM!*W ^ 

G£*^$^0|s&^ 

presenta«.onv<^Ji^^co!sM ^, immuno^ei*i* H^i* «Ji . 
5 Antigen ^m^m Maim* Control: ;: . iM)^ v : ; ? Subj-irtaneous; *g>y. 



937P 11 + 2 31 + 6.6 38 + 5 r s ! 7 

LTB 5 + 4.5 :a4^+ 3.7 26 + 5.8 

* Re s ul t s repr e sent the increase 

10 immunization with antigen. Results are the mean of 5 mice +; standard 

deviation.- ., : -- ~«c ■ -< : ir.*&y*&** "• ;i; ' > -* '» ■■ 

1r . . ... - INDUSTRIAL APPLICARILITYv t v ti :&«aff tw^fsftV 

Industrial applications of the Invention Include the ; ; , ^ 
preparation of oral .medicaments for admini stration to vertebrate hosts, 
15 Potential Vaccine Candidates for Oral Vaccine ? urn-itr.- 

Allergens:, „= !; Various Grass Pollens: r barley, couch 

>; , : Weed Pollens: clover, dock. 

.... . Tree Pollens: ash, Cyprus ?i j 

Plant Pollens: broom 
2Q Eplthelia: car hair, dog hair, pig hair ; 

: > Miscellaneous: house,- dust-, wheat chaff ,;KappK'. 
Hormones: LHRJ : , :F:Sft., HGHv Inhibin r. r , yt :^,yte -t***^< c:,',^wm;. f ■ - r 
. Vaccines: . . .. , ■ .-. Haemaqgfrutuhins, from , ^rfe,:- ^ -:.3^ 

Inf 1 uenza, Measles ,: Rubeil la, ^■lflox^WJ^*' "fl% 
25 fever, Diphtheria, Tetanus ^xChoJ era, Prague;; » s j - 

r-v < ^phus, BCG, Hajp$h|l^ ,NeisSje0^y:?|^i 
. .. . . , , . . . catarrhal 1 s , £1 eb$j eVl a. pneumpni ae , 3 ; , . y ri 

•• Pneumococci , streptoco^-c^vie-sj>: Wl S r . mtM^mu^i^' 
Pill from: E. Coll , N. gonorrhoeae . meningitis .; ];^r^ 

30 u catarrhal I s . Yersinia, spp...; Pesudomonas^ s# 

, . ? aeruglnosav Rseudomonasr spp.,v Mor axe 1>la bov 1 sW fe ■ I 
1 ; ■ Bacteroldes nodosus , Stapbj;S|»P5 , Strep spp. , c f vC?r 

35 
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i > *'«^leiic^ inke&'to v«irt«r V ii ?**7< . 

Immunological activity of the immunbgeh and the capac^y ^Ssi . . 
carri er molecule toespecifi cally 1 nteract withnhe mucosal epithelium 
of the vertebrate hostMs substantially maintained, and said complex 
15 capab]e ofnellciting. a. systemic, tellular and/or mucosa r inmHirte 

2 ' A. complex-according to claim therein sai d 1inmunogenois77 
selected|from; ; aM,5part<s)^ 

combination ^hereof: : of a hormone, therapeut^ 

3. A complex according to claim* 1 wherjin said complex ;1s; : ; W 7" 
capable of? eliciting. a systemic or cellular immuhe response in the 
vertebrate, host. ^.v.,-, >■ V0l ;, c . u ,> n7? ■ ,? y:Wl .,^ : 5 ,,.. 

A ; complex according to claim 1 wherein said complexris ■ 
capabl e of el 1 citing a mucosal immune response. ;.1n the . vertebrate host- 

5 - A complex; according tocany one of s«? aims 1 to 4 wherein- the 
1 mmunogen is at 1 , part, an anal ogue , homologue . derivative or ^ ■< 

combination ^reof^of^oantiggn orrhapteii. ' , 7 "... v,y^7 

6. A complex according to any onej of -claims -1 to 5, ;whi*e:in ? ,7e: 
the 1 mmunogen 1 s ;aU , part, an anal ogue , homol ogue , der i vati ve or 7 
combination; thereof ioff4:hdrroone; ;»;: ■■<■ f&rimM&st'- *o. ■ -siwc s^W*frt 

7. A complex according to any one of claims;;! to 6; wherein the - r 
immunogenMs.alH 'part; an analogue,, homologue, derivative :Ofs: *' > : 
cpmblnatiorivthereof^f^utei n ras stri 

,8 , ,A > comp lex- ,aceordi ng to any one of claims T to 6>where1n- the- * 
imraunogenilsil-SH, HGH; : inhibit; s- .^Mm^-ffwr.^ rr sH* t-W'#r>' 

9. A complex according to any one of claims 1 to 5, wherein 

■ the Immuhogen-vi s an atlergen. v; * ; jyf^Tj m •• * ; 3*0* a '*? 

10. A complex •aec6rd1ng?tQct1ai;m 9^herei'nftthe "allergen is a * 
^assjpollen, weed.pollen; tree pollen; plant pollen, : cat hair; dOg 

hair, pig hainiGmother^ 

11. A complex according to anyone of claims 1 to 4, wherein - > 
the 1 mmunogen is a surface protein derived from 1nflu6hza, measles 
Rubella^smallpox, yellow few diphtheria, tetanus, .cholera, plague 
Typhus or BCG causing agents, Haemophilus infjugn^ Neisseria ' . 
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catarrhal 1s. Klebsiella pneumonl ae . pheumdcocc i and streptococci; or a 
pllus deriv.edyf 

N ♦ catarrhal 1 s « .-• Yer* t n ii% spp ^ ; Pseudoifonas aet u#h<>ia# PSeUdoinonas'-sppi "y$ , 
Moraxel 1 agbovl sc: Bacteroides gaodosusy; Staphylococci ; sptHMStreptbeocci if 
spp and Bordetella spp» .: '^^mim^mr- ^ hv^U • tot^m**" 

\l. A complex according to aoyrone of -^iatlii^tbfr^.sMi'tratn 
the Immunogen 1s a surfaces: polysaccharide derived from diphtheria, •« 
tetanus, cholera, plague,- Typhus or BCG caus 1 ng agents , Haemophilus « 
influenzae . Neisseria catarrhal Is . Kl ebsi el la : prieurooniaeii pneumococci 
and streptococci; or a pil us derived from S . col 1 . N .gonorrhoeae , 
N.nenl ngi ti di s , N. catarrhal is .:>Yer si ni a spp. Pseudomonas aeruginosa. 
Pseudomonas spp, Moraxel la? bovis-; ;Bactero1des nodosusV.Staphylococci ' :i = 
spp. Streptococci spp and Bordetella spp. 

13. j (A complex according to any one of claims l to. 4* wherein 
the immunogen Is a secretory product derived from diphtheria, tetanus;: 
cholera, pi agiio , Typhus or BCG*causi ng agents . Haemophi 1 us= 1 nf 1 uenzae . 
Neisseria catarrhal i s . ;X1ebsi el la pneumoni ae . pneuinococci and 
streptococci ; or a pi 1 us deri ved from E.coli , N. gonorrhoeae; 
N.nen1ng1t1d1s . N. catarrhal i s,. Yersinia spp , Pseudomonas aerugi nosa . 
Pseudomonas spp, Mbraxel la bovis, Bacteroides nodosus;; Staphylococci 
spp. Streptococci spp anda Bordetella spp. : •..-•J.yiwsr 

U. A complex accordingeto any ones of claims 11 to 13 wherein* 
the surface protein, polysaccharide or secretory : product Hs derived > 
from Streptococcus mutants u ; \% we & gzi'yyx?* x*'Sj*o: 

15. A coimp 1 ex laceoiid i i**t*41 4 1 f*her*1 nr*4**i$&* 
the carrier molecule is all* 'partisan analOgue^homoiogue; derivative ^ 

or comb i nation thereof of abacterial adhes i n * vi ral haemaggl uti n i n , a 
toxin or the binding subunit thereof, or a 1 ect1 n ^ttethef of pi ant m ; * r 
other origin,- j t»© v.-.f ut 

16. A complex according to claim 15 wherein thd; carrier 

molecule is alKipart, an analogufg homologuei derivative or . ' f* 

combination thereof of the heat labile tOKin.of: enterotoxigenic E_^o^ 

1,7. A complex ac cord 1 ng to d a 1 m 1 5 r Where 1 n the ? carr 1 er ! ^ 
molecule is all, part, ananaloguei homologuei ;derivative or 
combination thereof of a bacterial pllus. my: i ,r 

18. A complex according to claim. 17 where in >• thj6 ?bacter 1 alp 1 1 u s 
is the K99 or 987P Pilus of E colU. .■.::>'. v ."r»3«* tzs* r: 
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. is CFAI, CFAII, K88 or.F41. , " V"*"*" w *'?"* *Tr*o-^ w 

rao1 ecu !f \> $*%: V.W ] W>*> hqnjplpgue,, derivative or 
comblnatlo^er^^ . 

^ c ?^l^ ) a c^ rd lng^ q1,af |io f! ^ergin , the.. 1e<:ti n is , . 
Conconavlln A, Pokeweed mitogen or the7ectiTfrom Lens cul TnarisT " 
Mix ESptl£ ?y gl^^jp ? ; Arach1s.hvpoqea ..or rn^y europeus. 

2 h. ■ A^PW^%^ c 9f^M:J^S^^A 6 A the. lectjn - Is 
Abrin, Asparagus pea, Broad bean. Camels foot tree^Castorvbean, Fava T 
bean, Green marine .algae. Hairy vetch,, Horsegram, Horseshoe crab, Jack 
bean, Japanese wisteria, Jequlrity bean,. Scotch Laburnum, Lima, bean, 
LimuHn, Lotus; European Mistletoe, .^ng, bean, Osage orange, Pogada 
tree, Garden pea. Potato, Red kidney pean, ; Red marine algae,. Siberian 
pea tree, edible snail, garden snail . .Spindle tree, , Sweetlpea^Smato. 
Wheat germ or Winged pea lectin. 

23. A complex according to claim 15, wherein the carrier 
molecule, J s all, part, an analogue, homologue, derivative or - 
combination thereof of a viral haemagglutinin. . 

2 f * , .A complex according to claim 23 wherein the vjral, 
haemagglutinin is a haemagglutiqin ^^riyed from Influenza,, measles, 

25. A complex according.to -.3^^®^^^ Vi.ti*^- *ot,^k" liriNteft^.- the\. 
immunogen is al I ; part, an .analogue , .homologue , ' derl va ti y eofl* "7! ' " 
combination.the^ot LlfRH ani^he car^ie^mplecule Is^^art^ an- 
analogue, homologue, derivative or combination thereof of j^fjT^ . V 

26 ' A ^S^^^ to,any 
one .of claims ■ 1 to 25 whic ; h,.process,comprlses^ ' ^Z^Z'/l* Z^: ... 

<a) ? i r l!f %||; WB immm. the. career molecule.^ta form " 
said complex; - , , * -'■ 

(fa) v W n 9 febe immunogen,to,proyi de,. at 1 east 'one 

functional group capable of formi n* ^chemicaL linkage , * and: react log. ■ „ 
the immun^g^n, ^nd^ar^tei: .fjlecuje to : form sal decomplex; o^ r " T^' 

(c) : chemically modifying the carr1er ; molecule to provide at 
least one fi?nctionaV c grqii P capable of forming alchemical linkage, and 
reacting the immunogen and carrier molecule to form sajd.coiiiplex; , , 

<d) chemically modifying the immunogen and. the carrier nrof ecu! e 
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and reacting the Irniminpgen and carrier irolecule to Tof*^ 

<e> reicting fti* fmmJtfbgeii with at "least -ortlTlnlQlng agent, and 
reacting the llmjSogtfi^tnft^ 

(f) reacting the carrier molecule wtft^itHlast dhe linking ' 
agent and reacting t^' iftMriogln ; and the carrier m^VecUfe to form sal d 
complex; li 1 '^ ■■ '"' ""7...' 

(g) reatti rig the 1 mmunogeri - and the Cirri er mol ecu 1 e wi th at - 
least one 1 1 nking agent , and reacti ng the .1 mmunogen and the carrier 
molecule to form said complex; or 

(h) a combination of any of the preceding process steps. 

27. A process for the production of a complex according to any 
one of claims T'to 25 Which process comprises: 

provi di ng a- recombinant DNA mol ecul e comprising a first 
sequence which on expression codes for the amino acid sequence of the 
1 mmunogen, a second DNA sequence which on expression codes for the 
amino acid sequence of the carrier molecule, and vector ONA; 
transforming a host With said recombinant DNA molecule so that said 
host Is capable of expressing a hybrid, proteinaceous product which 
comprises said complex; cuituring said host tb obtain said expression; 
and collecting said hybrid proteinaceous product. 

28. A process for the production of a comple* according to any 
one Of claims 1 to 25 wtiich process comprises: ^ 

(a) chemical 1 y syh thesizl ng the 1 mmunogen and/or the carrier 
molecule, arid forming the" Ibmplex by reactions according to the 
process of claim 26; ; ' 5 ^ y ; r ' UJ : : ' r ^ ^''"7"'. 

or <b> synthesizing a hybrid peptide comprising amino acid 

'sequences* of the immunogen wd^ffiiH^rflf^iiSle^fit^-' **•'*• v 7 

29. A process according to cl aim 28 wherein the peptide 1 s 
prepared by solid phase, enzymatic or manual peptide synthesis ^ 

-30. X process a«6r3tng^B'cla1m 29 where in "fh* peptide Is 
prepared by^sol l^ phase peptide synthesi s ! m ^■■f^'-.^ ■> J ' » ^ 

31 . A prdcess*accofdih9 to claim 30" J Wh^ 
1 mmunogen or carrier mdiecuiewhi 1 st bound to the res in of the solid 
phase peptide synthesizer 1 s coupled to the carrier molecule br 
i mmunogen respectively/ v *"■ ' s 7^7 

32. A process according to any one of ^ claims 28 to 31 wherein 
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the syndic peptide Is alVplft, an' analogue, homologue, derivative ' 

. or comnm^mirmW&M : ^- mm bit 

molecule* il lfB lM v t^l:fMfif ^111.; ii%ti^IifiEyli ir '' : ' ** - 

,? 4 -_:^ comp,ex according to any one of claims 1 to -25 ' "^ ^ 

by a process accofaingio Siiy^^#^liirar26 t S 3if ' f!>un ' ■ >^ 

comprises ^conSpUx accord |g •'•-"•'*" 

36: t:i f fc tfansfdrfti|n1 h6it q tfantfofyd r With a°f^cSlo1*anf 'W 
molecule comprising a first DNA sequence which on expression codes for 
the amino acid sequences of all ; part, ah analogue, hom^ibgue, 
derivative or tomb i nation thereof /of the immunogenV a' second dfoX : 
sequence 'whUh on expression cbdeifbr the' amino acid sequence of all , 
part, an analogue, honologueV'dlHviti^e or combination thereof of the 
carrier molecule, and vector DNA. 

37. A transformant h6st accbrdihg to claim 30 whei-eitf said host 
Is a Gram negative bacterium; a dram positive bacterium, a yeast, 
fungus, or a higher eukaryotic cell. 

38. A transformant host according to claim 36 or claim 37 
wherein said host is E.coll . p ^ ' 

39. A culture of thrtra^sformint microorganism o^siiiated: ATCC 

40. A recombinant DNA molecule comprising a first ONA sequence 
which on expression codes for the^min^acii sequence of the' ' 
immunogehi a lecbftd DNA ft JVllWc^^l&rSisUn*^^^ fi 
amino acid sequence of the carrier molecule, an^ vector Mf s --i _r 

said veclbr^bMrir^yMM^!'^ » m f-im^m^::\m$ . 

4£!':^fa 1 imid 1*6;°* ymmm ^y^^inmH^n 

43 ' .. A r J comb !. nant DNA molecule according' to' clai^ 40 ^eln^ 1 " * 
said vector dNA is^iral . ; : bactef ibphage* or : cosm1f DNAf^ ^ k 1 

polynucleotide sequence which acts as a coding sequence for f fi/iibn 
product' composing an amino aciS sequence of an 'immuhogen fuse/ to an 
amino acid sequence of a cirrier'mbi'ecule, a polynucleotide^ sequence 
sufficiently relate^WsaW^^ 

as to hybridize to '^id fthf hybrid ^u s ci'ptii| 0 lpence?f ' * K * 
polynucleotide sequence related by mutation, including single or 
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sai d . ftrst h^l^i^yhucl eot * sequence or .'^Ut-^^^e^c^- . . ■ 
pbl ynucleptl sequence ( whiclron t^^f t^|^-^f||^^^ £ ^ 
which d1splays%1mtiar ^ 1 .? , ««JS : *I ty**t?&* 
fusion product, .,...>, , ... ... v va6 ^ M*&-i02o* %«?i»s»oo A ;*f. 

45. A polynucleotide sequence accordi ng to claim , 44 ; where in. Jfr§ 
f i rst hybrid polynucl eotide sequence acts. as a ; codi ng sequence for the 
amino add sequence of all , part, an analogue, horoplogue, derivative . 
or combinations thereof*) of an, antigen^pr. hapten fused to ^e aiplno ; 

acid sequence of a carrier molecule. , : -s-.. -.-y. , *^s.V*4i*»*lo.v 

46. A polynucleotide sequence according to cl aln? 44 . where i n, the, g 
first hybrid, polynucleotide sequence acts aw.qodlng sequence for the ,,. 
amino acid sequence of all, part, an analogue, homologue, derivative ... 
or combinations thereof of LHRH fused, to the, am} no acid .sequejj€| it of 
carrier molecule. . i; , 

47. A medicament which comprises, a complex according to any one 
of claims 1 to 25 together with a pharmaceutical ly acceptable carrier 
or diluent. 

48. A medicament according to claim 47 adapted for oral 

administration-. : .= oxbs-.'mswk* 

49. A medicament according to- claim';. 47 adapted, for nasal 

administration. . . crx - v .-. .-, «rdw 

'SO," A tied^ 'm,±^ ■ 

wherein said ^j^gnysln «|S^le w |abl |t fe s Jow. iS-li^ixtr^^. 
gel , paste or nasal spray form. ....... ,. . . r: , -.. , ?:r . ,. /t , 

51. A medicament according to any^one^^cjajiii ^^to^^htch ' 
additionally comprises a dietary molecule which dietary molecule can 
selectively modulate the magnitude and /or type of immune response to, 
the 1 nwunpgen , of . the med 1 cament. c «pa* -jiiu fnml'm^mri ft 

52. "''A metftamen^ 

molecule, ^selected from amino acid^'yrtaijni/^OH^IJes and. 

ol 1 gosaccharj des , ^1 .......... -,.*tfrln-& 'm* s1??.i*. 93ns^^^"ee^^i^iw^^4'*' 

53. ,A medicament according to claim 51 or .claim .52 r wherein^ the, ... 

dietary;' mbiecuie: is se jetted from y1tam1n r A, vitamin fy , .vi tamin .....V : ,j„; fe 
B 2 , VI tami n Bg, VI tami n ^ 2 , V1 tami n C, ..V|tami n 6, VI tamin E, r tu 
fructose, lactose, mannose, melibiose, sorbitol or xylose. n ,*.<■,-,< * 

54. A method of presenting a complex according to any one of 
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claims 1 to 25 to a vertebrate host which method comprises the mucosal 
admlni ||f|tJ^^ to' 51 : 

55. A method of presenting a complex according to any one of 

clafmr^M 

adml n 1 §|ra.ti on of a ,medHament.,ac/:or i d>lng to any one : off e laims - 47 , 48, 
50 and 51. 



56. A method of presenting a complex according to any one of 
claims l to 25 to a vertebrate host" which method composes the nasal 
administration of a medicament according to any one of) claims 47, 49 
50 or 51. 

57. A method of inhibiting the gonadal function in a mammal , 
which method comprises the mucosal administration of ^medicament 
according to any one of claims 47 to 51 . 

58. A method of selectively modulating the magnitude and/or 
type of Immune response to the inimunogen of a complex' 'according to any 
one of claims 1 to 25 which method comprises the mucosal. : ; . ~ 
administration of a medicament according to claim 51 to a host 
vertebrate. 

59. A method of selectively modulating cellular Immune 
responses to a complex, according to any one of claims 1.: to; 25 which 
method comprises the mucosal administration of a medicament according 
to claim 45 in such a way as to specifically increase W decrease the 
cellular immune response to the complex in the vertebrate host. 

^ 60. .< A. method according to claim 58 or claim 59 which comprises 
thelaM accordi ng to any one of claims 47 - 

to |o and s«dieitaryf molecule. 

} 6U r, A e comDle)( substantially as hereinbefore described with 
reference to the- Examples v- 

62. A method for the induction or modulation of an immune 
response In a host substantial ty as hereinbefore described with 
reference to the Examples. 

63. A carrier molecule substantially as hereinbefore described 
wih reference to the Figure. 
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Type t AU^Ala^Thr-llir-ValiAsiii^iy^ly-^ 

K88 ^ trp^ . . , ., 

K99 ,# , ?AsosThiNGTy-fhe-ti^ 

987P Ala-Pro-Val -Glu-Asn-Asn-Thr-Cys-GI n-AI a-Asn-Leu-Asp-Phe- 
Neisseria Phe-Thr-Leur-i 1 er-G1 u-Leu-Me t-Ue-Va 1 -I 1 e-AI a-I 1 e-Va 1 ->G1y- v f 

Type 1 Clu-Val-Val-Asn-Ala-Ala- k 
K88 Ser-ITe-Thr-Ala-Asp-Asp-Tyr-Arg- 
K99 Thr-Cys-Thr-I1e-G1u-Pro-Glu-A1a- 
987P Thr^1y-Lys-Va1-TTir-AU ? ^ rUu- 

Neisserla I 1 e-Leu-AI a-Al a-Val -Al a-Leu-Prb^ 

Fig.l N-terminal amino acid sequence of the 987P pilin subunit. The 
N- terminal sequences of other pi 1 in proteins are given for 
comparison. •. .... 
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